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PREFACE. 


The object of “The Electrician” Primers is to briefly 
describe in simple and correct language the present state 
of electrical knowledge. Each Primer is short and com- 
plete in itself, and is devoted to the elucidation of some 
special point or the de.scription of some special application. 
Theoretical discussion is, as far as possible, avoided, the 
principal facts being stated and made clear by reference 
to the uses to which they have been put. Both volumes 
are suited to readers having little previous acquaintance 
with the subject. The matter is brought up to date, and 
the illustrations refer to instruments and machinery in 
actual use at the present time. 

It is hoped that the Primers will be found of use in 
Schools, Colleges, and other Educational a?id Training 
Establishments, where the want of a somewhat popularly 
written work on electricity and its industrial applications, 
published at a popular price, has long been felt ; while 
artisans will find the Primers of great service in enabling 
them to obtain clear notions of the essential principles 
underlying the apparatus of which they may be called 
upon to take charge. 


June, i8()i. 
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“ The Electrician ” Primers . — No. 21. 


THE ELECTRIC TELEGRAPH. 


The first electric telegraph was that of Dr. Watson, who in 
1747 demonstrated that, by means of electrical discharges 
through a length of wire, communication could be made between 
distant points. The electricity was produced by means of friction. 
Leyden jars were charged, and then discharged through con- 
ducting wires, and electrified pith balls were made to diverge. 
Lesage, of Geneva, in 1774 proposed to erect 24 wires sepa- 
rated from each other. At one end he would have an electrical 
machine ; at the other end to each wire would be connected a 
pith ball, to indicate different letters. The electricity produced 
by the electric, al macliine was to travel along the wires and 
electrify the pith balls attached to them ; and the divergence of 
the different balls under the electrical influence would indicate 
the difterent letters of the alphabet. The electric telegraph 
invented by Mr. Ronalds, of Hammersmith, in I8l6, excited 
great interest at the time, partly because of its ingenious 
construction, and partly because, wdien he communicated his 
plans to the Admiralty, he was informed “ that telegraphs of any 
kind were then wholly unnecessary, and that no other than 
the one in use (the semaphore) would be adopted.” Ronalds’ 
instrument was also worked by an electrical machine,^ but de- 
pended on the simultaneous working of two clocks, one at each 
end of the conducting wire. Instead of the usual face of a clock 
was a brass plate, with an aperture through which could be seen 
another brass plate, which was moved by the mechanism of the 
clock. This inner plate was divided into 20 equal parts,. and 
every division was marked by a letter, a sign, and a figure, 
only one divisiofi at a time being visible, through the aperture, as 
it moved round. As theTilocks were adjusted to work together, 
the same division showed on both faces at the same time. 
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A pith bail connected with the line was fixed so as to hang 
down over the dial, and when the electrical machine was made 
to charge the wire the pith ball diverged. With a greater charge 
it diverged more, and so, according to the strength of the charge, 
indicated a letter, sign, or figure. 

This short description is sufficient to show the design of the 
inventor, and to explain the system proposed ; but the reader 
who wishes to obtain a fuller explanation is referred to the 
history of the Electric Telegraph. Although there have been 
many forms of improved instruments since then, they have 
usually been constructed on similar principles. Those already 
referred to were all worked by small quantities of electricity 
produced by friction, which would have been of no use on a line 
fixed on poles, as they would have been soon lost by leak- 
age. It was only after the famous discovery of the influence 
of electric currents on the magnetic needle by Oersted, and by 
the use of voltaic batteries generating comparatively large 
quantities of electricity, that any great success was attained. At 
first several wires were necessary, but now only one is used. 

Nearly all systems of telegraphing by electricity depend 
on the principle that if a conducting wire has an electric 
-current passing from one end to the other it becomes a 
magnet. If the wire is covered with silk, or any material 
which will prevent the current from escaping, except at the ends, 
it can be qoiled gn a bobbin, and as long as the current is 
. applied it will have a north and south pole like a permanent 
. steel magnet. If the covered wire is wound round a bar of iron 
while the current is applied, the iron becomes a magnet. The 
iron, if soft, loses its magnetism when the current ceases. Now 
these magnetisations and demagnetisations can be made to exert 
mechanical force, and perform work by attracting a plate of 
iron on a lever working between two stops, and sounds 
will thus be produced. By arrangement, combinations of long 
and short sounds can be made to indicate letters of the alphabet, 
figures, etc. 

The following is a description of what is required to establish 
an electric telegraph : — 

A source of supply for electricity, usually a battery. A length 
of conducting wire between the two points to be placed in 
communication. An instrument for connecting the supply to 
the wire and cutting it off, which fs called the key ; and an 
apparatus to receive the electricity and convert it into signals. 
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The means for producing the electric current need not be 
explained* here. It may in some respects be regarded as a stream 
of water running through a long pipe, with the “key” as the tap 
to turn it on or off. The conducting wire is of galvanised 
iron or copper, and in an aerial line is suspended on glazed 
porcelain supports, called insulators, fixed to the poles by iron 


Lim* 



arms. These insulators are for the purpose of preventing the 
escape of the current, and ensuring its arrival at the other end 
of the line. Anything touching the wire which will assist the 
current to ^each the ground at an intermediate point is a disad- 
vantage. The limb of a tree, for instance, if touching the wire 
causes a ** fault.” 



In the early days of telegraphy it was considered necessary to 
have two wires, one to act as the actual line and the other as 
the return wire, to complete the connection from one pole of the 
battery to the other (Fig. 1), but in 1837 Steinheil discovered 
that the earth acted as a return wire (Fig. 2). 

The key (Fig. 8) consists of a metal bar, pivoted in the centre, 
each end working on me1;al stops. A and B are the stops ; 
C the position of the pivot; D is a spring to keep the bar resting 
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on the back stop. Stop No. 1 (Fig. 4) is in connection with the 
battery ; No. 8 is in connection with the line. 

When the handle of the bar is depressed the line is put in con- 
nection with the battery, so that the current flows into the line 



and produces electro -magnetic effects in the receiver. So long 
as the key is depressed the current continues, but immediately 


H|ll— 

battery. 


a 


Key 


'? 






Line 


^ Fig. 4. 


the handle is released the bar is pulled ])ack to the stop 2 by 
the spring, and the current ceases. The receiver may be con- 



structed in several ways ; the most simple is that called the 
sounder,’' of which the following is a description 
While the current flows an electro-magnet is made, to attract 
a bar moving between two points, and substituting in Fig. 5 
a magnet for the handle, shown in Fig 4, we have a receivillg^ 
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apparatus which reproduces the movements of the key of the 
transmitting apparatus. The normal condition of the conv 
nections are as shown in Fig. 6 ; when the key is depressed the 
•conditions are as in Fig. 7. As the operator working the key 
controls these conditions, it will be seen that whatever he signals 
will be reproduced in the receiver at the distant end. Fig. 8 
represents the receiver in a more detailed manner, and will be 
r^dily understood from the previous description. 

It will thus be seen that electricity is made to generate 
magnetism, the magnetism gives rise to mechanical motion, and 
the mechanical motion gives rise to sound. The length of time 
occupied in depressing the key will produce long or short signals 
by making the sound short and sharp or longer and firmer, and 
thus we have two kinds of signals, the combinations of which are 
more than sufficient for the 26 letters of the alphabet. Calling 
the shorter movements . dots and the longer movements dashes, 
the Morse alphabet is made up as follows : — 


a 






/.• 


/ 


m 


n 





6) 


9 


r 



.s- 


t 


u 


V 


ir 



y 


Z 

The arrangement is made with a view of having the shortest 
■signals to represent the letters most in use. In an ordinary 
newspaper paragraph it was found that where the letter e occurs 
428 times the letters q and ^ occur only once, t being the next 
most numerous after e. 

Fig. 9 shows the complete set of connections necessary to 
establish communication between two stations; so that the 
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operator at either station depressing his key sends a signal into 
the distant receiver. 


Line 



A record of the signals can be obtained by an instrument, 
the electrical arrangement of which is the same as that 



already described in the case of the sounder. Attached to one 
end of the le^er of the electro-magnet is a small disc. This disc 



dips into a well of specially prepared ink, thick enough to 
be taken up on the disc which revoh es in it. A roll of paper 
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I inch wide is placed in a drawer underneath, and carried by dock- 
work between two rollers, so as to pass above the inking di^, 
which is moved up to it when the other end of the lever is 
attracted. Fig. 10 shows the working parts of this instrument^ 


lAne, 



named **the Morse,” after Professor Morse, one of the inventors- 
1 is the electro -magnet ; 2, the spring to bring back the lever ; 
8, the inking disc. 

From various causes, such as the loss of electricity in 



its passage from station to station and the great length of the 
line, the magnetism produced is not always sufficient to do the 
work of moving a lever. To remedy this defect an instrument 
called a relay ” is introduced, which caji be made to work with 
a very - weak current. The wire on the dcctro-magnet is finer 
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and longer than that on the Morse instrument, the parts are more 
delicate in construction, and the movement requires less power. 
A relay can be arranged to work a Morse instrument itself, or to 
transmit a fresh current to another station. Fig, 11 shows 



Fig. 11 . 

the [connections when a relay works a “Morse sounder.” 
The delicate parts of the relay are moved by the very weak 
currents reaching it, and its movements complete the “local 
circuit ” of the Morse instrument and thus cause it to move also. 



Fig. 12 . Fig. 13 . 


Another form of electric telegraph is “the single needle 
instrument,” which takes its name from the fact that the alphabet 
is formed by a small needle moving between two stops. Although 
the same in principle, it is quite different in construction to a 
Morse instrument. It consists of two coils of wires (Fig. 18) 
with a small magnet pivoted and moving between them. As 
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alreadj^ explained, the eoite become magnets under tibe hiflu^oe; 
of the current, and their magnetism deflects the emails pivoted 
magnet to the right or the left. The coils of wire are covered 
by a dial. Attached to the small pivoted magnet is a long 
needle (>we Fig. 12), which is arranged to move outside this dial. 



Fig. 14 


Fig. 13 shows the coil and magnet. Fig. 14 shows the dial 
and needle. 

The key used with the single needle instrument is also 
different to the Morse key ; instead of making a short and 
a long signal, it makes, a signal by moving the needle to the 



Fig. 16. 

right or left. To do this the direction of the current must 
change. To describe this it is necessary to explain that the 
current always leaves the battery at the copper pole. If the 
copper pole is the one leading- to the earth, the direction of the 
cirrrent on the line will ^be as in Fig. 15. If the ^ino pole of 
ther :batteny leads ^o the earth thO; direction -of the cu^ei^iwUl b%: 
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as in Fig, 16. The effect on the coil of wire will be that its 
magnetic polarity will be reversed. 



Fig. 17 represents the key diagramatically. Fig. 18 is 
an illustration of an actual key. Figs. 15 and 16 show the 


Line. 



connections effected by depressing the right and left levers 
respectively, and by following the arrows it will be seen how the 



Fig. 18. 


current is made to alter its direction and* produce the two move- 
ments on the magnet and needle. By a combination similar 
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to the Morse, but with left and right movements instea;d of dots 
and dashes, the alphabet is again formed, (See dial, Pig. 14.) 




The single needle is an English instrument, and not generally 
used anywhere else, but the same key arrangement is used with the 
instruments for submafine cables. As it is necessary to have a 
much more delicate instiument in submarine work, a very light 
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magnet is stuck on by shellac or wax to a 
very thin mirror, the whole only weighing 
grains. A beam of light from a lamp 
is thrown on the mirror, which reflects it 
on to a scale or frame from which the 
movements of the spot of light are read in 
the same way as from the needle on the dial. 
This instrument is called “ the Mirror.’^ ' 
Another cable instrument is Sir William 
Thomson’s “Siphon Kecorder.” The same 
key is again used, and the arrangements 
for sending are exactly the same as with 
the Mirror, but the receiver is more com- 
plicated. The coil of wire is smaller and 
very light in weight, and is suspended so 
that it is free to more^ but the magnet M M 
is very large and ji.ml (Fig. 19). To the 
coil marked 1 in Fig. 20 is attached a fibre, 
the other end of which is fixed to a cradle, 4 , 
carrying a very thin glass siphon, 5. One 
end of this siphon dips into an ink well, 0, 
the other moves across but does not touch a 
band of paper, 7, which is travelling in a 
direction at right angles to the movement 
of the siphon. The signals are thus re- 
corded on the paper in movements of 
right and left, the same as in the Mirror 
and the single needle instruments. By 
an arrangement which causes the siphon 
to vibrate continually, the ink is shaken 
out of the siphon and spurted on the 
paper, and as the coil moves under 
the influence of the current, controlled 
by the operating key at the distant end, 
the siphon forms the letters as above. 

At the side of this page is an illustra- 
tion of the Siphon Recorder alphabet. 

The following books may be recommended 
to those wishing to obtain further information 
on this subject : — 

“ Telegraphy.” By Preece and Sivewright. 

“ Handbook of Practical Telegraphy.” By R. 
S. Culley. 
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AUTOMATIC AND DUPLEX TELEGRAPHY. 


The great expense of establisliing and maintaining telegraph 
lines led, in the early days of telegraphy, to attempts to increase 
the speed of signalling, and to send more than one message over 
a line at the same time. The first resulted in the invention of 
the automatic system of transmission, and the second in Duplex 
Telegraphy, both of which are liere described. 





\/Euri\ 

Fio, 1. 

The Morse receiver, described in Primer No. 21, on ‘‘The 
Electric Telegraph,” is capable of working faster than the hand 
coul3 manipulate the key at the sending end. The line can also 
convey at great speed the intermittent currants producing the 
dots, dashes, and spaces necessary to denote the different signals. 
Instead, therefore, of using a key to send the currents, a band of 
paper punched with holes to denote the dots and dashes travels 
over a metal roller, with a^pointer or pen (Fig. 1) so placed that 
when the pointer and the roller are separated by the paper there 

139 



( 2 ) 


is no electrical connection between the line and tlie battery, but 
when one of the punched lioles passes the pointer, the latter falls 
on to the roller and connects the battery and line as the key 
would do when depressed. 

The receiver must also be made to run faster, so as to record the 
signals as they arrive. To explain this, it is necessary again to 
refer to the Morse receiver in Primer No. 21, on “ The Electric 
Telegrapli.” It will be remembered that the signals are madti by 
an inking roller attached to a lever pivoted in the middle, so ar- 
ranged that when the iron plate on one end of the lever is attracted 
downward by the electro-magnet, through which the current from 
the distant end is passing, the other end, carrying the inking 
roller, is lifted up so as to touch a strip of paper movt'd by clock- 
work, and so records the signal in dots and dashes. 

What is called the Bain’s system, of which a description 
follows, was at first used to record the automatically transmitted 
signals. Amongst the substances which the electric current has 
the power to decompose is iodide of potassium. The paper slip is 
prepared with this salt, to which starch is added, the paper being 
kept damp to facilitate the passing of the current through it. 
It is drawn by clockwork over a metal roller connected with 
the earth, and above the roller, resting on the papej’, is a 
metal style connected to the line. Now, when the current is 
transmitted by the automatic device (through the holes punched 
on the pap^r) from the distant end of the lino it passes by the 
.style through the prepared paper, decomposes the iodide of potas- 
sium, and leaves a violet dash or dot, according to the lengtli 
of the signal. In this way, as there is no movement of parts, 
and no magnetisation or demagnetisation required, the Bain’s 
receiver is able to record at a speed of 450 words per minute. 
Each word reckoned at five letters, and eacli letter requiring, say, 
an average of two signals, totfffls up 4,500 signals per minute ; 
as each signal must have a space between it, 9,000 signals 
and spaces per minute are recorded. The specially prepared 
paper was, however, found in practice to be troublesome, and 
at the present time rapid- working Morse instruments, in con- 
junction with relays, are used. 

In Duplex Telegraphy a message is sent each way on the same 
line at the same time. 

We must first refer to the principles of electro-magnetism, and 
recall how the opposite poles in an electro-magnet are produced. 
A coil of wire, wound round a bar of iron, and having an electric 
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current sent through it, will convert the bar into a magnet. The 
end, which is North or South, will depend on two conditions, 
viz., the direction of the current through the wire and the 
direction of the winding of the wire on the bar ; it can be wound 
from right to left over the bar (Fig. 2), thus — 

Fig. 2. 

or under it (Fig. 8), thus — 

SISISISIJLSL. 

Fig. 3. 

Difference in the winding of two sqm rate coils, provided the 
current is kept in the same direction, will give rise to different 
polarity, and rice versa. If now, therefore, we have two coils 
wound in opposite directions on the same bar (Fig. 4), and send 
current through them in the same direction, the result will be that 



Fig. 4. 


although the current is passing no magnetism will be produced. 
There are other conditions necessary ; the coils must have the 
same relative positions on the bar, the same ntoiber of turns ; 
the wires must be of the same size ; and the same strength of 
current must exist in both coils. 



Fig. 5. 


For duplex working, the electro -magnet of the receiver must 
have Uvo coils of wire. In winding, the wires are both made into 
one strand, separated by a silk covering and laid on together. 
In this case the windings are in the same direction, and in order 
to get a neutral result (as in Fig. 4) the current must pass in 
opposite directions, so ijfie beginning of one wire is joined to the 
end of the other (Fig. 5). 
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In the Primer on “The Electric Telegraph,” the receiver is 
shown joined to the line wire by the key (Fig. 6), where it can 
only work when the key is at rest. If it is placed between the 
line and the key (Fig. 7), every movement from the key will affect 
the receiver. But it is necessary that the home receiver shall not 



Fl(r. 6. 

be affected by the home key. The coils of the receiver being 
two wires wound in opposite directions, if the strength of the 
current going through both is equal, there will be no resultant 
magnetism and consequently no movement. Fig. 8 shows the 



winding of two coils more in detail. One of the coils is joined 
to the line and the other to an artificial line, or compensating 
circuit, the object of which is to regulate the strength of the 
home current going through each coil and to make it equal, so that 
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there shall be no magnetism in the home receiver. By iwing 
very high resistance thin German silver wire, the compensating 
line can be made to occupy only a small space coiled on reels » 
By a series of blocks of metal and plugs (Fig. 9) any of these- 
bobbins can be excluded or included in the compensating line, 
so that its resistance and consequently the strength of the cur- 



rent in it can be varied by altering the plugs. All these electro- 
magnets have two cores, so that the opposite poles are close 
together. Both the cores are wound with two coils of wire^ 
through which the current goes in opposite directions, and so^ 
as we have explained, if the current strength is equal the* 
magnets will be neutral. If we imagine an arm free to move 



but pulled with an equal force from each side, so that it remainsi 
stationary, we know that the forces are there, but no effect m 
produced ; so the magnetising current is there when the key, 
already described, connects the battery to the line through the 
receiver, but no work i^ performed because the forces are equal 
and opposite. 
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When both stations are working the results are quite 
different, and to explain this it is necessary to describe what 
is meant by “the direction of a current.” To illustrate this 
tenn it may be hkened to pressure of air in a pipe. A posi- 
tive current is transmitted when the copper pole of the battery 
is joined to line, and as pressure may be considered pro- 
ceeding from that end along the wire to the distant end. A 
negative current flows when the zinc pole of the battery is joined 
to the line, and the result may be compared to the exhaust pump 
which creates a vacuum in a pneumatic tube to draw a force 
from the other end. If both ends are being operated on at the 
same time, one of these conditions must exist. Both stations 
may be putting on a pressure forcing the current into the line. 
In that case the one will meet the other and neutralise it ; as, for 
instance, when both stations are sending a positive current. If, 
however, one station is putting on pressure and the other is 
exhausting, the one will help the other, as in the case when one 
sends a positive and the other h negative current. By this it will 
be seen that when a battery of certain strength is joined to 
another it will either add to the strength of the first or tend to 
neutralise it, according as the poles are joined together, as in 
Fig. 10— 



t . Fig. 10. 


or as in Fig. 11 — 



Fig. 11. 


A similar result follows when .working duplex ; the currents 
from the two sending keys do not pass each other, but they 
either combine and increase in strength or they neutralise each 
other, and as the compensating line is not affected in the 
same way magnetism is produced, and work is done. 

Diagram Fig. 12 shows the current sent from station A, 
the direction of the arrows indicating which way it passes. It 
will be seen that it enters the coil of the B receiver at a different 
point to where the sending current would enter, and, instead 
of traversing the coils so as to produce no magnetism, it 
acts in the ordinary way at station B. Fig, 13 shows the keys 
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depressed, and the current passing from both batteries, and, as the 
currents on the line and the compensating circuit are different, 



both cores are magnetised and pull down the armature, making a 
signal. Where the arrows meet, the one current neutralises the 



Fig. 13. — Stations A and B are both sending and receiving ; the current in the 
line and one coil is neutralised, but the current in the other is doubled. 


other; where both arrows point in the same direction, the two 
currents act together. It will be seen that the operation from 
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the distant end must control the movement of the receiver at 
the home end, and that anything done by the current at the 
home end will not make the receiver work there. 

The actual method when working duplex differs from this 
description in many details, but the object here is to explain the 
principle in a manner without using technical expressions, by 
comparing the current to something which will produce force, and 
to show how this force is made to divide itself at the sending 
station so as to become inoperative there, but when it arrives at 
the receiving end it is then placed in a condition to perform 
work. 

In Quadniplex Telegraphy two messages are simultaneously 
sent in both directions on the same wire. Multiplex Telegraphy is 
the sending of sereral telegrams over one line at the same time, 
as many as six messages being sent in this way. 

The following book may be recommended to those wishing to obtain 
further information on this subject : — 

“ Handbook of Practical Telegraphy.” By B. S. Culley. 
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LAYING AND REPAIRING SUBMARINE 
TELEGRAPH GABLES. 


In view of the fact that there are at the time of v;riting 183,000 
knots of submarine telegraph, and that no coast of any com- 
mercial or political importance is unconnected with the great 
telegraph network of the world, a short account of the method 
of laying and repairing submarine cables cannot fail to be of 
interest. 

A telegraph cable consists essentially of a conductor of elec- 
tricity properly insulated and mechanically protected, so as to 
secure it as far as possible from external injury and enable it to 
be recovered in the event of repairs being necessary. 

The conductor or core is invariably of copper of a high degree 
of purity, and is as a rule formed of six or seven straj^ids twisted 
together so as to give greater pliability and less liability to 
breakage. The size of the conductor varies with the length of 
the cable. For a long section a large core is required to obtain 
a good speed in signalling. This is insulated by a covering of 
gutta-percha or indiarubber, which must also be of the best 
quality, because in dealing with so ^expensive a product as a cable 
the truest economy is to use only ‘the most perfect materials, and 
much trouble is caused by the use of material of an inferior 
quality. Gutta-percha, which was introduced in quantity into 
this country at the very time when a substance having its proper- 
ties was required for telegraph cables, has of late years become 
very scarce, and the price has accordingly advanced to a high 
figure. No other substance or compound has as yet been found 
to possess the necessary qualities to replace it for telegraphic 
purposes, for which it is superior to indiarubber. 

In the case of cables aestined for the shallower parts of 
tropical seas where the teredo exists, which bores through the 
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protection and insulation, and so produces a fault,” permitting 
the current to leak to earth, one layer of canvas tape is laid on 
the core, and over this a brass tape is then applied, above which 
comes another canvas tape, then a substantial layer of hemp to 
protect the core from the iron wires which form the armour or 
mechanical protection of the cable. The armour consists of 
from 17 to 10 galvanised iron wires (of about the thickness of 
a cedar pencil for sliore ends, and about the thickness of the 
graphite centre of the pencil for deep sea sections), which are laid 
on spirally, each wire being separately served with a tape and 
preservative compound. Above this are two coverings of pre- 
pared canvas tape, and finally, in the case of intermediate and 
deep sea types, the whole is surrounded by a waterproof com- 
position. There are, of course, incidental variations in the 
different manufactures of cables, but the above is typical, and 
is a description of a cable, probably the most perfect yet manu- 
factured, which has been recently laid. 

Fig. 1 is a sketch of a piece of cable, showing the different 
layers over the core. 

The cable, being manufactured, is coiled into tanks, which are 
kept filled with water for the purpose of preserving the insulation 
and enabling the slightest leakage of the current into the water 
to be detected during the tests which are then applied by the 
manufacturers and by electrical engineers appointed by the pur- 
chasers. 

The ne:5iu step is to coil the cable into the tanks of the steamer 
which is to take it out and lay the section. For this purpose, 
where circmnstances permit, the vessel comes alongside the 
manufacturer’s wharf, and the cable is taken on board and 
coiled into the tanks at an average rate of two to three miles an 
hour. 

The following is the process of coiling into the tank : — A 
length of 40 fathoms is left out for splicing on to the cable in any 
of the other tanks as may be necessary. The cable is then led to 
the bottom of the tank and the coiling begun from the outside 
and continued until the flake” reaches the cone in the centre 
(see Fig. 2), being then taken back across the flake to the edge of 
the tank; this is repeated until the whole of the cable destined 
for the tank is coiled into it. In the case of cables with an ex- 
ternal compound, every flake is whitewashed to prevent sticking. 
At every mile a ticket is attached showing the length. The cable 
is tested after coiling and at intervals during the voyage, if it be 
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a long one. The cone constructed in the centre of the tank, seen 
on reference to Fig. 2, which is a sectional view of a cable ship, 
is placed there with the object of keeping the running coil clear 
m paying out, and preventing its turning over and causing 
kinking.” 

As so much depends, in the life of a cable, upon the amount 
of slack being proportionate to the irregularities of the bottom it 
is now usual to take a careful line of soundings along the proposed 
track of the cable. On one occasion soundings from the bow and 
stern of a cable steamer revealed a difference of several hundred 
fathoms. 

When the vessel reaches the place from which the cable 
is to start the shore end has first to be landed. Sometimes 
this is done by the ship’s boats or a steam launch, sometimes 
one or more rafts have to be made for the purpose. From low 
water point to the cable-house the cable is buried in a trench, 
and is also sometimes protected with stones or masonry to pro- 
tect it from the action of the waves. The end of the cable is 
then made fast so as to hold it when the ship starts. Tests are 
applied from the ship to the shore through the cable in the tank, 
and, all being in order, the steamer’s engines are ordered to “go 
ahead, slowdy,” and paying out begins. This is continued at an 
average rate of five to six miles an hour, sufficient “ slack ” being 
allowed, according to the depth, to enable the cable to accom- 
modate itself to the contour of the bottom, until the terminus 
of the cable il^ reached, when the other shore end is landed and 
elaborate tests made. 

Once safely submerged, a cable may exist for years without 
any impediment to the working arising ; or, on the other hand, 
faults — varying from a total break to a teredo puncture — may 
occur shortly after laying. 

In the event of the defect in ‘the cable being such as to seri- 
ously interfere with the working, it becomes necessary to localise 
the fault, and then to pick up the faulty portion, cut it out, and 
lay in a piece of sound cable. The position of the fault is found 
by one or more of the several methods in use — tests being applied 
from both ends of the cable (see Primer No. 24, on “ Testing Sub- 
marine Cables ”). 

From these tests the distance of the fault is calculated, and 
generally with great accuracy. The repairing vessel then pro- 
ceeds to the neighbourhood indicated, and, commencing from a 
few hundred yards to five miles, according to the depth of water, 
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from the position of the cable as shown on the chart, drags a 
grapnel across the line of cable until the increased strain on the 
dynamometer indicates that it has been caught in the prongs 
of the grapnel. 

Fig. 8 shows the simplest form of grapnel. There are several 
others which are used under special circumstances. Amongst 
these are the centipede, which, as the name indicates, has a 
namber of prongs ; and a patent grapnel, for use on rocky 
bottoms, which allows the prongs to give ” on catching a rock, 
and prevents their being broken, while the cable, if hooked, 
is retained. There are also grapnels for cutting cables in deep 
water, so that one end only may afterwards be grapnelled for and 



brought up, and thus the strain on the cable involved in raising 
a long “bight” avoided. Another grapnel cuts the cable and 
retains one end. The dynamometer is in principle merely a 
balance which indicates on a scale the strains on the grapnel rope, 
and shows when the cable has been hooked. 

The cable on being hooked is drawn by the grapnel rope to 
the surface, where it is cut, one end being attached to a buoy 
(Fig. 4) moored to the bottom by a mushroom anchor, and the 
other being taken on board. 

Tests are then applied from the shore to the end on board, and 
should they indicate the fault to be in that part of the cable, the 
cable end is passed over^’the bow sheave and picking up drum, 
the ship steams ahead, and the revolving drum draws in the 
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cable, which is coiled into one of the tanks until the fault is 
reached, the cable being carefully examined as it comes up. 

Then the faulty part is cut out, the end of cable in one of the 
tanks spHced on, and the ship commences relaying the cable in 
the direction of the buoyed end, which, when reached, is taken 
on board, tested, and, if in order, spliced on to the other end, and 
the cable dropped over the side once more to find a resting-place 
on the bottom. ^ 

There is quite a fleet of cable- ships, 26 in number, stationed 
in various parts of the world to effect repairs ; and the removal 



Fi(.. 4.— Cal.le Buoy. 


of faults has become so much a matter of course that there is 
rarely any great difficulty experienced unless^ the weather should 
be bad or the water very deep. Successful repairs have been 
effected in cases where the cable has been laid in water as much 
as three miles in depth. 

There are also 11 cable-ships belonging to manufacturers of 
cable, which are principally used for laying new cables, but some- 
times effect repairs. 

Faults or interruptions are caused in various ways. Some- 
times, where there is a deep valley in t^e ocean bottom (Fig. 5), 
a considerable length of the cable is suspended, and its own 
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weight, added to the 
friction, quickly severs 
it. Chemical action in 
certain waters corrodes 
and destroys the cable. 
Rocky shores and strong 
currents wear out a cable 
sooner or later, no mat- 
ter how strongly pro- 
tected it may be. 

Cables in the Medi- 
terranean have been 
partly swallowed up by 
§ submarine earthquakes ; 
o this being also the cause 
^ of a simultaneous in- 
^ terruption to three of 
2 the Australian cables. 

o 

^ On two occasions, dur- 
^ ing repairing operations, 
^ the carcase of a whale 
® has been found en- 
tanged with the cable ; 
and in other instances 
faults were found to 
have been caused by the 
^ tooth of some marine 
c monster which remained 
^ embedded in the cable. 
Cables are, of course, fre- 
quently broken by ships’ 
anchors. The ravages 
of the teredo have been 
successfully met by brass 
taping the core of the 
cable, as previously re- 
ferred to. 

The ‘ ‘ life ” of a cable 
varies greatly according 
to circumstances. There 
are cables which have 
been working nearly a 
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quarter of a century, but frequent repairs aife invariably necessary 
in the case of old cables. The manufacture of submarine cables 
has been brought to a very high state of perfection, and it re- 
mains to be proved Jmv much longer those recently submerged 
wdll last, but it cannot be doubted that they nill live longer than 
those laid in the early days of ocean telegraphy. 

This Primer will give the reader some idea of the importance 
of this enormous industry, which has sprung up during the lasf 
quarter of a century, and which is now indispensable to the 
statesman, the merchant, and the press. The capital represented 
by the cable companies alone exceeds 40 millions sterling. 

The following books may be recommended to those wishing to obtain 
further information on this subject : — 

“ Traits de Telegraphic Sous-Marine.” By E. Wiinschendorft. 

Laying and Bepairing of Electric Telegraph Cables.” By V. Hoskiaer. 
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TESTING SUBMARINE CABLES. 


Owing to the great cost of submarine cables, and the fact that 
once laid the expense of recovering them for the removal of 
defects is considerable, they are naturally very carefully tested 
hefore being submerged. Afterwards tests are taken from time 
to time with the view of ascertaining the electrical condition of 
the line. Sometimes the defects are not such as to interfere 
seriously with the working, but it may be advisable, owing to the 
presence of a cable -ship in the neighbourhood, or the approach 
of the stormy season, to remove what are technically called 
faults.” 

The object of testing a submarine cable is to ascertain that its 
electrical condition is such as would be considered perfect, or, if 
imperfect, where this imperfection or fault” exists. Whether 
this is done during manufacture, during submersion, or after the 
cable has been working, the method is very similar. 

A cable consists of a strand of copper wires covered with 
guttapercha, indiarubber, or some similar substance which will 
prevent the current from escaping anywhere but at the ends 
of the wire ; this substance is called the insulator. Compared 
with an equal length and thiclcness of copper wire, guttapercha is 
70,000,000,000,000j000,000 times the better insulator, so that one 
may be considered a perfect insulator and the other a perfect 
conductor. 

One test, called the insulation test, is used to ascertain that 
the insulator is in good condition, allowing no current to escape. 
If one pole of a battery is joined to the earth and the other pole 
to the end of the cable, which is otherwise not connected to any- 
thing (which is called freeing the cable), if any current flows from 
this battery it must b^ through the insulating substance. If 
there is an instrument which will indicate the presence of a 
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current also joined up, it can be seen whether the insulation is 
practically perfect or otherwise. For this purpose a galvanometer 
(.src Primer No. 11) is used. By th« sketch (Fig. 1) the connec- 
tions are shown for taking the insulation test. Any deflection in 
the galvanometer must be caused by a leakage through the insu- 
lation. In the most peilect state theie will be some leakage, caused 
by the fact that there is some conductivity in the insulating 
material. When the battery is first applied the deflection ^\ill 
be much greater than it vill afterwards bo, supposing that there 
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is no ‘‘ fault ” in the insulation of the caldc. This is due to the 
cable being able to receive an electrostatic cliarge of electricity. 
In a short time, when the cable is fully charged the deflection 
decreases because less current is passing from tlie battery. Jt is 
then that tlie reading on the galvanometer scale is taken. Now, 
a mile of wire will have so many ohms resistance ; tw^o miles of 
exactly the same wire will have twdee as much resistance, and 
consequently twice the number of ohms ; the greater the rc- 
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si&tance the weaker the current for the same battery pow^r ; 
the weaker the current the less magnetic effect will be produced, 
and the less magnetic effect the less deflection in the galvano- 
meter. Boxes of coils of wire are made with a definite 
number of ohms resistance. If we take one of these boxes 
having 100,000 ohms and join it with a battery and galvano- 
meter (Fig. 2), we shall get a deflection to a certain point; 
any other substance having 100,000 ohms resistance would 
give the same deflection if substituted for this coil of wire, 
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If something having only 50,000' ohms were similarly placed in- 
stead of 100,000 the strength of the current would be iiicreiased^, 
and a proportionate increase in the deflection would be the result. 
Also, if instead of 100,000 ohms 200,000 ohms were used, the 
current would be weakened, and a less deflection would he 
•produced. 

To apply this principle to testing a submarine cable, the 
hSttery is first joined to a galvanometer and a known re- 
sistance ; and the deflection is noted. This is called “taking 



the constant.” The cable to be tested is then placed where the 
resistance was joined ; but as one end of the cable is suspended, 
the earth is used as part of the circuit (Fig. 1). 'fflie deflection 
obtained with the cable is noted and compared with that obtained 
through the known resistance. It is tlius resolved into a simple 
proportion sum, Witli a resistance of 100,000 ohms a deflection 
of, say, 50 divisions is obtained on the galvanometer ; what is the 
resistance which gives lOJ divisions? Answer, 50,000. Cr, 
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•say, 25 divisions ? Answer, 200,000. The smaller the deflection 
the higher the resistance ; and as we are testing a cable whose 
end is free, we might expect a small deflection in this test if the 
cable is in good condition. 

The other test which is used in conjunction with the insula- 
tion is called the conductivity test. In this test the distant end 
of the cable is joined to the other pole of the battery if the cable 
is in the factory (Fig. Bf, or to the earth at the distant end if 
already laid (Fig. 4). ; ; 
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The object of this test is to see that the copper conductor i$ 
not of a higher resistance according to its thickness than ift 
specified. 

A knot (nautical mile) of copper wire weighing 225 lbs. ha? 
a resistance of 6^ ohms, that weighing 120 lbs. 10*42 ohms, and 
that of 400 lbs. 2*88 ohms, A cable 1,000 miles long of the 
first-named would therefore have a total conducting resistance 
of 6,250 ohms. By applying the test already described, the 
deflection on the galvanometer can be ascertained by a simple 
proportion sum. 

If with a resistance of 100,000 ohms we obtain a deflection 
of 50 divisions, what deflection would be obtained with 6,250 
ohms ? 

6,250 : 100,000 :: 50 ; boo. 

We should, therefore, get a deflection of 800 divisions if the 
vahle ifi in gaetl condition. 


battery \ Hrok en . • 

' Qjttd/va/nomeier, 


^Harth. 


Vl/ Ni 

Earth 


' In' actual practice it would be found that no galvanometer 
would have such a range as that indicated by 50 and 800; but 
means are used to obtain the value of a deflection by shunting 
part of the current through another path, or reducing the strength 
of the battery in use. 

When a cable is broken, the broken end will be in connection 
with the earth through the water, (Fig. 5). The length must now 
be less, and the distance traversed by the ^^urrent between the 
poles of the battery reduced ; the resistance being also reduced, 
the strength of the current for the same battery power will be 
increased, and a larger deflection noticed on the galvanometer. 
To ascertain the length of cable now being tested is again a 
simple proportion sum. Our constant will be used as before, and 
we will suppose that the deflection is now 1,000 ; it will be thus 
stated: — With a resistance of 100,000, a deflection of 50 is 
obtained ; what resistance is that which gives a deflection of 1,000 ? 

1,000 : 50 :: 100,000 : 5,000. 
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As the cable has 6'25 ohms to every mile, the length of cable to 


the broken end would be 


50^00 

(>•25 


= 800 miles. 


If the deflection 


should be 1,200, the result would be 668 miles. 

When a cable is being laid careful observations are made to 
obtain the nautical position of the ship whilst pacing out. This 
position is daily plotted on a chart, and a copy given to the 
captain of the ship going out to repair the broken cable. 
The actual length of cable to the broken end is ascertained by 
the tests here described ; the actual position of the end can be 
ascertained by the chart. 

There are other details which will decide the tests, such as 
the length of copper wire exposed to tlie action of the water ; 
whether the end is actually broken, or only the insulation re- 
moved, leaving the conductor exposed to the water. These par- 
ticulars, which arc essential to obtain a correct test, can only be 
acquired by experience. 


Tlie followinfj; books iiia/ be reconiinended to those wishing to obtain 
further inforiiifition on this subject 

“ Handbook of Electrical Te'^ting.” Jly H. 11. Keiiipe. 

“ Electric Testing of Telegraph Cabh 13y V. Hoskiaor. 


159 



gBleirtrician^* 

500 Pages. 157 Illustrations. 

^he Hlternate Current transformer 

IN THEORY AND PRACTICE. 

By J. A. FLEMING, M.A., D.Sc. (Lond.), &c., ifcc. 

(IN TWO VOLS.) 

VoL J. — The Induction of Electric Currents. 

T his book is universally admitted to Ix) the only one dealing in 
so plain and concise a manner with the subject ; and it has 
been adopted as a text*lM)ok in the I'nivcrsity College, London, 
in •^he Harvard ITniversity, U.S.A., &c. 





** Tike Electrician ” Primers . — No. 26. 


THE TELEPHONE. 


The telephone is an instrument for the transmission of the 
•energy of sound, and for the reproduction of the sound at a 
•distant place. Sound is produced by the vibration of bodies ; 
and different rates and kinds of vibration cause different kinds 
of sound. The rapid vibration of a sounding body produces 
rapid disturbances in the surrounding air, and in objects in 
contact with it ; and thus waves of sound are sent out radially 
in all directions from the sounding body. The vibratory character 
of sound waves can be very simply illustrated by singing or 
talking loudly to a piece of writing-paper held by both hands 
about an inch from the mouth. A tremulous motion of the 
paper will be felt. When one is near a sounding body, such as 
a church bell, the sound is heard distinctly ; but on moving 
further and farther away the loudness very rapidly diminishes. 
There are many reasons for this. Intervening objects quench the 
force of the sound waves ; moisture and fogs absorb their energy ; 
while the increasing area of their action, as the distance from 
the source of sound becomes greater, must of course diminish 
their intensity. To tranisfmit the sound over a great distance we 
must confine the energy of the sound waves to one single path, 
instead of allowing those waves*to scatter in all directions. The 
well-known spee^ing-tube does this to a large extent ; and the 
±oy string telephone is constructed on this principle. The 
latter of these is a very instructive invention of early date. 

It consists of two parchment discs or diaphragms, con- 
nected by means of a stretched thread of silk or cotton. On 
speaking to one diaphragm, and setting it in vibration, the 
string is pulled to and fro, setting the distant diaphragm 
in similar vibration, and thus causing it to emit the very words 
spoken to the first diapBragm. It is possible in this way to 

161 



( 2 ) 


trausnitt speech nearly 200 yards, but witl^ greater distances the* 
increased weight of string, and the numerous supports for it, 
prevent free vibration, and mufSe the sound. But though 
mechanical impulses cannot well be transmitted over greater 
distances, there are other kinds of impulse which may be sent 
many hundreds of miles with but little diminution in their 
intensity. An electric current can be made to influence ani 
instrument (such as a telegraph) thousands of miles away frpnx- 
the generator of the current. Now if the original sound im- 
pulses proceeding from any sounding body could be converted^ 
into electric impulses, varying in a similar manner, and these 
electric impulses, carried along a wire to a distant point, could 
be reconverted into similar sound impulses, the transmission of 



Fig. 1. 


sound would as Completely be carried out as in the string tele- 
phone, with the additional advantage that the sender and 
receiver could be much further apart. Instead of a few hundred 
feet, the message could then be . carried many hundreds of miles. 
This series of transformations is possible ; it is involved in the 
action of the electric telephone. The first* .practicable electric 
telephone was invented by Prof. Graham Bell, and exhibited by- 
him at the Philadelphia Exhibition of 1876. A general view of- 
this instrument is shown in Fig. 1, and a longitudinal section 
in Fig. 2. 

An electric impulse may be started in a circuit in twa 
ways, viz., by suddenly developing an electromotive force 
in the circuit, or by suddenly changing its resistance. Both- 
these methods have bepn employed in telephone work. In* 
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fche BeH telephone the sotind waves produce electric impulses 
by develoj^g a rapidly changing electromotive force. A per- 
manent bar magnet, N S (Mg. 2), is fitted into a wooden 
or ebonite holder M, the general shape of which is shown 
in Fig. 1. The pole 8 projects into a circular cavity at 
the mouthpiece end of the holder, and is surrounded by a 
coil of fine insulated copper wire wound on a bobbin B. The 
ends of this coil are connected to two binding screws I I by 
means Of two wires / / passing through the holder. Immediately 
in front of the 8 end of the magnet is a thin diaphragm of 
ferrotype iron LI, clamped firmly at its edge, but free to 
vibrate in the middle. In front of this iron diaphragm is the 
mouthpiece B R, of the same material as the holder, which serves 
the double purpose of clamping the edge of the diaphragm and 
of directing the sound waves on to its surface. If two such 
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telephones are connected by a pair of insulated wires C C (one 
from each binding screw), speech may be transmitted in either 
direction. A message spoken into the mouthpiece of one instru- 
ment sets the diaphragm in vibration, and the motion of the 
iron near the magnet causes a transient alteration of its magnetic 
condition, with the r^ult that a transient electromotive force is 
developed in the coil of wire, and an electric impulse trajas- 
mitted along the lines. A series of electric impulses, corre- 
sponding to the nature of tho s'ounds producing them, are thus 
received at the distant telephone, and pass round the coil within 
it. Momentary changes occur in the magnetism of the magnet ' 
inside this coil, and consequent changes in its attraction of the 
iron- diaphragm in front of it. The diaphragm is thereby thrown ) 
into a state of vibration, Jhe character of which will depend on . 
that of the electric impulses producing it, and sound waves will 

165 



{ 4 ) 


be thrown off into the surrounding air. In this way the 
message spoken at ope pla^e is transmitted eleotrifiaUyi and 
reproduced many miles or even hundreds of miles away. 

It will be seen that the Bell telephone can be used both as 
a transmitting and as a receiving instrument. In general practice^ 
however, it is only employed in the latter capacity^ some kind of 
microphonic transmitter being used in conjunction with it. The 
extra clearness in the reproduction of the message, and the 
increased distance over which it can be sent, are reasons for 
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this differentiation of the apparatus. It is also more comfortable 
to have separate instruments for hearing and speaking. 

Microphonic transmitters produce a series of electric impulses 
by setting up rapid variations, not in the electromotive force, but 
in the resistance of the circuit. The current is not generated by 
such transmitters, as in the Bell telephone ; a separate battery 
being required in order to work them. The function of a trans* 
mitter is merely to rapidly and properly alter » the strength of a 
current that is already flowing in the circuit, just as a water-tap 
alters but does not produce the ffow ^ water in the pipe lead* 
ing from a tank. Microphonic transmitters are modifications of 
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the microphone^ an ingenious device, due to Professor Hughes, 
and illustrated in Fig, 8. It will be seen to consist of a light 
spindle of carbon C loosely supported between two carbon blocks, 
which A B are firmly fixed to a sounding-board M. The blocks and 
spindle form part of the circuit of a battery P, a Bell telephone T 
being also placed in that circuit. A fly walking on the sounding- 
board produces a violent uproar in the telephone, and music 
played or words spoken near the instrument are reproduced in 
the telephone with moderate clearness. The action of the 
microphone is due to the fact, first pointed out by Du Moncel, 
that varying pressure between two carbon surfaces produces 
correspondingly varying electrical resistance of the contact. 
Thus the sound impulses set the carbon spindle, or the 
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sounding-board and blocks, in vibration and cause variations in 
resistance of the circuit, and thus propagate electric impulses in it. 

By combining several microphones, and arranging them in 
various patterns oni}ie sounding-board, numerous inventors have 
succeeded in producing transmitters which combine sensitiveness 
with accuracy, and which are in use on the various telephone 
exchanges of Europe and America. Fig. 4 shows the arrange- 
ment of microphones in the Gower-Bell transmitter, a full-sized 
carbon spindle being shown at the bottom of the figure. The 
Crossley transmitter is shown in Fig. 5. In the form of carbon 
transmitter used largely at the present time in English telephone 
exchanges, the variatioi^ in pressure at the carbon contact are 
effected by the aid of a vibrating diaphragm* A sectional, view 
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of tUfi iQtmf whkb kaoim as traiiamiUery is ako^ 

m Fig4 & , A oarboa button k, i^ounted oa a brass holder 
mA attaebsd to a str^ght spring g, presses against the of 
a short piece of platinum wire, which is supported by the spring 



Fig. 6. 


/, insulated from the framework. This causes the other end of 
the platinum wire to press against the centre of the diaphragm 
which is supported all round its edge by the frame of the in- 



2/ 

Fig. 6. 


steument. In front of the diaphragm is the mouthpiece a, 
while a screw n pressing against the lever e is us^ for adjusting 
the pressure between the carbon button and the platinum 
point. The electric current, conveyed from a battery, passes 
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^through the point of contact between the platinum and carbon, eo 
that when the diaphragm is thrown into vibration a variation of 
resistance occurs at this point of contact, and electric impulsai 
are generated. 

In Fig, 7 we have a complete telephone apparatus such as is 
installed at a telephone subscriber’s house. At the left, hanging 
on a hook, is the Bell receiver. The square box in the middle 
is^the Blake transmitter, while under it is the box containing 
the battery, and at the top, on the right, is the handle for ring- 
ing up the Exchange. 
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It is important that the line or wire conductor between two 
telephone stations should possess the three following electrical 
properties : — 

(1.) It must be a good conductor. This is effected by using 
sufficiently large wires of a highly conducting metal, such as 
4 JOpper or phosphor-btonze. 

(2.) It must be well, jpsulated ; that is, the current must not 
be allowed to leak away from the wire. To secure this in 
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hiesd lines, tlie wires are bound to porcelain insulators fixed to^ 
Use iron or wooden posts, and in underground lines the wire is 
eovered throughout its length with india-rubber, or some similar 





Fig. 8. 

flexible insulating substance. Fig. B shows some overhead wires 
attached to insulators at the top of a pole ; Fig. 9, a short 
piece of cable, consisting of several separate telephone wires 



Fig, 9. 


embedded in a mass of insulation ; and Fig. 10 illustrates the 
manner of laying an underground cab^. When a number of 
wires have to^run -pao^Uel for some distance, a cable of- this 
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kind is often carried Overhead, being held up by means of hooko^ 
attached to a stt>eng supporting wire (Fig. 11). ' - 

(8.) It must be free from magnetao disturbances of neighbour^ 
ing wires. This is secured by choosing a proper position for 
the line, and avoiding the use of iron wire. Telegraph and 
electric light cables, if near telephone wires, are apt to affect 
them, producing loud noises in the telephone. 

^(4.) It must have little or no electrostatic capacity [see Primer 
No. 16, on ‘‘The Leyden Jar”). Underground and submarine 
cables are more liable to this defect than those overhead. 
Hence the difficulty of speaking between places separated by 
water ; and the need for the special design of conductor in the 
recently laid London-Paris telephone cable. 
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When a large number of telephones are to be connected' 
together in such a waj that any* one may communicate with any 
other, without interfering with the remainder, the arrangement 
of the circuit becomes very complex. In any such case a 
Telephone Exchange is used. ,,This is a central office, at which 
the wires from all the telephones terminate, and in which a 
number of operators are constantly engaged in connecting the 
ends of the wires of those subscribers who wish to converse. Any- 
one wishing to use the telephone first signals to the Exchange, 
thereby announcing his niynber, and then informs the Exchange 
of the number of the person he wishes to speak with^ The wires. 
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of these two persons’ telephones are coupled up at the Exchange, 
the distant telephone is called by means of the electric bell, 
conversation ensues, and finally the Exchange operator discon- 
nects the wires, leaving them free to be connected to any other 
telephone on the Exchange as occasion may require. 

In conclusion, it will be interesting to notice a few applica- 
tions of the telephone, other than to the transmission of speech. 
Its uses in locating small and large masses of metal are extensive. 
‘Thus it has been used in surgery to locate a bullet in a wound, 
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as in the memorable case of President Garfield ; it has been used 
in naval operations in order to discover the whereabouts of 
torpedoes, and it has been employed to locate sunken iron ships. 
By means of it false coins can be distinguished from genuine 
ones ; light coins from those of proper weight, and any one metal 
from any other which may resemble it closely enough to deceive 
the eye. In fact, the applicaitions of the telephone to scientific 
and commercial purposes are t^y numerous, and of its possible 
applications apparently innumerable. 

The following book may be recoziimeDded to those wishing to obtain 
further information on this subject : — 

The Telephone.” By Preece and Maier. 
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DYNAMOS. 

Dynamos are machines for producing electric currents by 
mechanical means. Their action depends on the simple fact 
that a wire, when moving across the lines of force of a mag- 
netic field, has induced in it an electromotive force which is 
proportional to the rate at which the lines are cut ; and if tlie 
moving wire forms part of a closed conducting circuit an electric 
current is produced in this circuit. The current is not produced 



Fig. 1. 


without work, for, as wo have seen in the Primer (No. 8) on 
Lines of Force,” a current exerts magnetic force, and the con- 
ductor carrying it cannot be moved in a magnetic field ydthout 
the exertion of force and the expenditure of energy. The move- 
ment of an electric circuit in a magnetic field is thus a means 
of producing electric currents at the expens^e of mechanical 
work, A dynamo is nothing more than a convenient machine 
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which (1) produces a magnetic field crowded with lines of force ; 
(2) arranges for the rapid movement of conductors across the 
lines of force of this field; and (8) provides for a continuous 
electrical connection between these conductors and an external 
circuit where the current is to be utilized. A dynamo thus 
consists of two principal parts — an electro-magnet for producing 
the lines of force and called the Field Mngnct^ and a collection 
of conductors called the Amiature.' As a general rule, the fidd- 
magnets are fixed and the armature rotates, although in 
some dynamos the reverse takes place. The chief electrical 
characteristics of a dynamo are shown in Fig. 1, and comprise 
(1) the magnetising coil or coils, F, for exciting the field- 
magnet ; (2) the core of the solenoid, forming the field- 



magnet M, and consisting of a massive, nearly closed, ring of 
soft iron ; (3) the collection of conductors or armature, A, gener- 
ally revolving between the poles of the field-magnet M ; and 
(4) the collector or commutator, C, making continuous rubbing 
contact with the brushes, B B, with which the external circuit is 
permanently connected. 

We have already stated that the electromotive force induced 
by the motion is proportional to the rate at which the lines of 
force are cut by the conductors of the armature. It is desirable 
to crowd the magnetic lines as much as possible in the neighbour^ 
hood of the armature, since by so doing the rate at which the 
lines are cut is augmented, and the output and efficiency of the 
machine increased. The field-magnets of dynamos are thus 

m 
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designed so as to produce the greatest possible density of lines 
through the arihature, and, as we have seen in the Primer on 



Lines of Force,” this maybe accomplisl el by making the path 
ol the lines very short, anl causing the n to flow through non for 



Ff J 6. — Phanix Dynamo. 

as great a portion of their circuit as^is possible. The path of 
the lines is colled the magnetic circuit, and it is in the design of 
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part of* the machine that dynamos have been most improved 
of late years. Theoretically the best form of the magnetic xir-. 
cuit is circular, but practically this is too difficult and expensive 
to make ; and various approximations have been adopted which 
have been determined by considerations of economy and 
mechanical strength. 

The simplest form of magnetic circuit is of the single horse - 
sh(^ type, indicated in Fig. 2. In this the magnetising coils are 
represented by b b, and the dotted lines c dy e a a show the path 
of the lines of force round the field-magnets and through the 
armature. The circle represents the iron core of the armature, 
around which the coils are wound, and which is inserted between 
the poles in order to make the iron circuit of the lines as com- 
plete as possible. Finished dynamos of this type are represented 
in Figs. 8 and 4. The limbs on which the coils are wound 
may be of circular section, as in Fig. 8, or of rectangular 
section, as in Fig. 4. The iron of the electro-magnet need 
not be in one piece, as in Fig. 1, for separate pole-pieces, a a, may 
be affixed, as in Fig. 5, and the two branches of the electro- 
magnet called the ‘^limbs’’ may be united by a bar called a 
“ yoke,” as in Fig. 4 ; but it is very important that the parts 
adjacent should be planed true, so that the contact may be good 
all over the surfaces touching. The poles of the field-magnet 
need not be at the base of the machine, as in Fig. 8 ; they may 
be uppermost, as in Fig. 5, which represents the magnetic circuit 
of a dynamo of which the Bhoenix dynamo, showif in Fig. G, 
is a finished specimen, or they may be at the side of the 
machine, as represented in Fig. 1, or in the Leeds dynamo, 
illustrated in Fig. 7. 

In many dynamos the Inagnetic circuit adopted is of the 
double horse-shoe type shown in Fig. 8, which is a section of 
the field-magnet circuit of the Norwich dynamo shown in Fig. 9. 
Another example is shown in the Manchester dynamo, illustrated 
in Fig. 10. Several varieties of the double magnet type of 
circuit are possible, and the Thomson-Houston machine, so 
much used for arc lighting in recent exhibitions, and illus- 
trated in Fig. 11, has a magnetic circuit of this kind. 
Dynamos exist in which the magnetic circuit is more complex 
than in the above examples ; as, for iilstance, in multipolar 
machines, an example of which is illustrated in Fig. 12. They 
do not differ in principle from the others, but it is possible with 
multipolar machines to obtain the same electromotive force with 
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a slower speed of the armature, and this is advantageous in 
many ca^s. 

The magnetising coils are pretty clearly indicated in the 
preceding illustrations. The current which flows through them 
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may be obtained from an external »Durce, in which case the 
machine is called a separately excited dynamo. In nearly ail 
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eases, however, the current is supplied by the dynamo itself* 
There is always sufficient magnetism left (residual magnetism) 
in the field-magnets to generate a small current when the arma- 
ture is revolved ; this small current increases the magnetism of 
the field, and this again increases the currenti This process of 
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Fig. 8. 


self-excitation goes on untO in consequence of the saturation 
(see Primer No. 9, on“ Magnets ”) of the magnets they refuse to take 
up any more magnetism, and a limit is reached. The magnetising 
coils may be connected up with the external circuit in two distinct 
ways— in series or in parallel. If connected in series, the whole 



Fig. 9. — ^Norwich Dynamo. 


current which is generated in the armature flows through the 
magnet coils before passing through the external circuit ; the coils 
are in this case called series coils, and the machine is said to be 
a series d;^amo. If, ho'vgever, the ends of the coils are joined at 
the terminals of the armature so that its current is divided, 
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may be inserted to reduee the current in the external circuit. 
Shunt coils are, however, formed of msmy turns of thin wire, so as 
to present a large resistance, in order that the greater part of the 
armature current may flow through the external circuit. Coils 
of both kinds are often used on the same machine for regulating 
purposes, and the dynamo is tjhcn said to be tmnpxmm^l wound. 

The armature is generally the moving part of a dynamo, and 
the^most expensive portion to construct. The conductors must 
be wound very compactly, because it is important that the clear- 
ance between the poles of the field-magnet and the iron ' core of 
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the armature should ^le as small as possible. The wires must 
also be held very firmly in place, because the power necessary to 
drive the dynamo arises from the fact that strong magnetic forces 
resisting the motion of rotation are exerted on the armature con- 
ductors. The armature coils generally consist of one continuous 
coil of wire wound round a core shaped like an anchor ring {see 
Fig. 5). These coils are usually wound in sections, the junctions 
between which are metallically connected with successive sec- 
tions of the. commutator* This division of the armature into 
sectional coils is clearly indicated in Fig. 1, and the wires 
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Fjo, 1^. — Mordey Altcrnatur : Armature, 
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joining each coil to the corre^nding bar of the commutator 
may also be seen. The bars of the commutator consist 
of wedge-shaped blocks of phosphor bronze or gun-metal, 
insulated from each other by thin strips of mica. Copper is not 



used for the commutator bars, as it would wear away too quickly 
under the action of the brushes. A commutator is only used in 
those dynamos intended* to produce currents flowing always 
n the same direction and called continuous-current dynamos, 
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<i)un-ents are induced in every anna^ture conductor by its 
motion across the magnetic .field ; but when a conductor 
passes before the north ■ pole of a. field-magnet a current is 
induced in one direction/ while when it ' passes ' bhfore a 
south pole a current is induced in the opposite direction. 
The commutator is a device by means of which the cur- 
rents induced, although alternating in the armature, flow in 
one direction only in the external circuit, with which Jhe 
brushes are connected. It is, however, not necessary always 
to rectify the currents produced, as alternating currents are 
used to a great and increasing extent for commercial purposes. 
Dynamos are accordingly made in which the commutator is 
dispensed with, and such a machine is known as an alternator or 
ahernatitai-current dynamo. An example of such a machine is 
shown in Figs. 13, 14, and 15, which represent a Mordey Alternator. 
This is an example of a machine in which the armature 
(Fig. 14) is fixed, and the field-magnets (Fig. 13) rotate. The 
magnetising coils are seen in Fig. 13, and revolve with the 
magnets, and the ends of the coil are electrically connected with 
the two grooves on the spindle, which form the rubbing 
contacts. The lines of force go through the interior of the 
coil, along the finger-shaped prolongations of the core, and 
across the air gap through the armature coils. This design 
has. an advantage over many others in that the rotating 
parts are very strong, while the armature coils can easily 
be got at ^iiparately. Alternating-current dynamos cannot be 
made self-exciting like the others, since a continuous current 
is needed to magnetise the field-magnets, and a separate con- 
tinuous-current dynamo is generally needed for the purpose. 
This machine, called an e.vdter, is much smaller than the main 
dynamo, and is shown in Fig. 15 on the extreme right. 

The following books may be recommended to ‘^those wishing to obtain 
further information on tliis subject : — 

“ Dynamo Electiic Machinery. ’ By Silvanus P. Thomp-^on. 

“Electrical En<,>inGer!rg. ’ By Slingo and Brooker. 
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ELECTRIC MOTORS. 


An electric motor is a machine by means of which the energy 
of an electric current is converted into mechanical motion. It 
bears the same relation to a dynamo as a windmill bears to a 
ventilating fan, or a turbine to a centrifugal pump. A wind- 
mill is caused to rotate by a current of air, and rotary motion 
conveyed to a ventilating fan causes a current of air to flow. In 
the same way a current of electricity causes an electric motor to 
rotate, whilst in a dynamo the rotation of the armature causes 
-un electric current to flow through the circuit. 

It will bj also understood that if a ventilating fan be placed 
in a current of air it will act the part of a wundmill, and be 
•caused to rotate. Similarly, if a current of electricity be sent 
through a dynamo its armature wall be caused to rotfjjbe, and thus 
act as a motor. The mechanical motion thus produced can be 
utilised for driving lathes, sewung machines, tramcars, &c., or 
any other purpose for which steam engines, gas engines, &c., are 
usually employed. 

Electric motors, like dynamos, piay be divided broadly into 
two classes : first, direct or eontijtuous current motors, embracing 
those intended to be driven by currents passing always in one 
direction through the wires connecting the generator with the 
motor ; and, secondly, alternate current motors, constructed so as 
to work with currents whSse directions change many times per 
second. 

Motors usually consist of one or more electro-magnets and an 
armature. The object of the electro -magnet is to produce a 
magnetic field, in the ’strongest part of w^hich the annature is 
placed. The magnetism is produced by an electric current being 
sent through coils of wire wound round the iron of the magnets. 
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When a coil of wire conveying a current is placed in a magnetic 
field, it tends to set itself in a position such that it encloses as 
many lines of force as possible, regard being had to the lines pro- 
duced by the curi‘ent in the coil itself as well as those due to the 
magnet. For example, if a current be sent through the coil D, 
Fig. 1, when in the dotted position it will turn in the direction 
of the arrow A to the position shown in full lines C, for then it 
will enclose the greatest number of lines. If a commutator^and 
brushes, such as are seen at B, be provided, the current in the 
coil wiU be reversed when it arrives at C, and the tendency will 
then be to continue the motion ; for in order that the coil may 
again enclose the maximum number of lines of force it must 
rotate through two right angles. When this has been done the 
current in the coil is again reversed, and the motion continued. 



A single coil does not produce a very uniform motion, for the 
force tending to turn it varies according to its position, being 
greatest when at D and smallest at C. However, by combining 
two coils at right angles on the same axis with a suitable com- 
mutator, one coil is exerting its greatest force whilst the other is 
exerting least, and a more uniform pull results. Still greater 
uniformity of pull is secured by using numerous coils and a 
many-part commutator. 

Instead of using simple coils of wii’e it is usual to wind the 
coils on iron cores, in order that the magnetic field through 
‘ which the wire passes may be as strong as possible. These 
cores are often laminated, and may be either of the drum, 
ring, disc, or spherical shape — such# as are used for dynamo 
Jtrmatiires. A motor largely used for heavy work is shown in 
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Fig. 2, whilst others suitable for small powers are illustrated in 
Figures 8 and 4. 

We have described the general principles underlying the con- 
struction of motors, and must now examine a few of thtur 



Fig. 2.--Immi8ch Motor. 


properties. To understand these we must remember that a motor 
armature revohing in a magnetic field generates an electric 




Fig. 3.— Cuttriss Ring Motor. Fig. 4.—“ C. & C.” Motor. 

pressure just like the armature of a dynamo does. There is this 
difference, however, in the two cases, m., that tlie electric 
pressure or electromoii'ge force in a dynamo causes the cur- 
rent to flow, and hence the current must be in fhe same 
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.■direction as the pressure, whereas in a motor the current; 
causes the armature to rotate, and the electromotive force 
-generated opposes the passage of the current. This may be 
understood by analogy with a windmill. In the ordinary working 
of such a mill, rotation is caused by a wind blowing agaimt the 
face of the sails ; if we now suppose tlie miU to be revolved in 
its normal direction by meclianical means it will act like a fan, 
and wull cause a current of air to flow away from the face of^the 
sails, f.r., ill a direction opposite to that of a wind which would 
make it revolve in the same way. Hence when a windmill 
rotates it tends to stop the wind which causes the rotation. 



In an electric motor ilie magnitude of the opposing back- 
pressure depends on the strengtii'of the magnetic field multiplied 
by the speed of rotation. 

The turning effort or tonjw exerted [by a motor armature 
depends on the product of the current through the armature and 
the strength of the magnetic field. In a series motor {see Fig. 6), 
where the same current passes round both magnets and arma- 
ture, ^tlie strength of field depends on^the value of this current ; 
and sine 3 both factors of the turning eflort depend on the same 
thing, riz^y the current, the turning moment exerted is deter- 
mined by the current; conversely the current depends on the 
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tjuming moment — ue., on the load. When the load is small 
then the current should be small, and when the load is increased 
then the current must also be increased, or else the motor will 
stop. 

It may here be pointed out that in ordinary machines the 
direction of rotation depends on the connections between the 
armature and the magnets, and cannot be reversed by merely 
changing the direction of current. To effect reversal the 
connections* must be altered so that the direction of the current 
is changed through one of the parts only. In the case of 
magneto-motors and separately excited ones, however, changing 
the direction of the current causes reversal. 

In some cases it is desirable to obtain a constant speed under 
ravj/inf/ loads. The methods adopted for securing this differ 
according as to whether the motor is to be worked from a 
constant-pressure circuit or a constant-current one. In the 
former case a shunt motor (see Fig. 6) is generally used. The 
field-magnets are in this case excited by a constant current, 
owing to their terminals being connected to the constant-pressure 
mains. Thus the armature revolves in a constant field, and its 
back pressure depends only on the speed. Now, if the pressure 
between the mains be V, e the back pressure of the motor, A the 
current passing through the armature, and ?* its resistance, then 
by Ohm’s Law (see Primer No. 8), 

y ^ e + Ar, 

6’ =V - Ar. 

If r be made very* small, then Ar will not be large, e will be 
very nearly equal to V for all ordinary values of A, and conse- 
quently be nearly constant. But constant back pressure means 
constant speed, and therefore a sl\unt iffotor with an armature of 
very small resistance will run lit nearly constant speed when 
supplied at constant pressure. 

For constant -current circuits more elaborate devices are 
used, such as cutting out part of the field-magnet coils by a 
governor-ball arrangement, or causing the armature to slide 
away from the magnets; Fig. 7 shows a motor related by 
the former method, and Fig. 8 one controlled by the latter 
arrangement. • ' 

Alternate-current motors present still ^eater difficulties. One 
of the conditions to be fulfilled by any good motor is that it 
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should be self-starting when the current is turned on. Tins m 
quite easy to fulfil m direct-current machines, but by no means 



so when alternating currents are to te employed. The problem 
has, however, been solved by several inventors. 
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In Tesla’s motor, the principle of which is illustrated in 
Fig. 9, two magnet circuits fed by two alternate currents are 
used, and these currents are timed so that one current is greatest 



Fig, 8, — Crocker- Wheeler Arc Light Circuit Motoj . 



Fic.. 9. — Tesla Alternate- Current Motoi. 


when the other is let^st. The effect is to produce a revolving 
magnetic field; this induces currents in the short-circuited 
armature, which is thereby caused to follow the field, and hence 
rotates. 
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The Ganz motor is a shunt machine, and is shown in Fig. 10. 
An alternating current passes through the armature, but the 
magnet current is commutated into an unidirectional intermittent 
one ; the device for effecting this commutation is shown to the 
right of the figure. To start this machine a slight impulse is 
sometimes required, after which the speed gradually increases 
until it corresponds with the rate of alternation of the current. 



Fig. 10. — Ganz Alternate- Current Motor. 

This motor is somewhat similar to the smaller sized alternating- 
current dynamos made by the same firm, and it will be readily 
understood that any alternating dynamo may be used as a motor 
by sending a continuous* current through the magnets and an 
alternating one through the armature. The speed of such a 
motor, when once fairly started, dependS on the speed of the 
alternator which generates the current, and is thus independent 
of the amount of work it is doing. * 

The following books may be recommended to those wishing to obtain 
iurther information on this subject : — 

“ Dynamo Electric Machinery.” By Silvanus^P. Thompson. 

“ Electrical Engineering.” By Slingo and Brooker. 

” The Electric Motor and its Application si” By T. C. Martin and J. 
Wetz’er. 
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TEANSFORMEES. 

A TRANSFORMEK* is a devioe for converting a small current at high 
pressure into a large current at low pressure, or vice vet\sn. When 
the pressure is raised the transformer is called a stcjt-itp trans- 
former^ and when the pressure is lowered it is called a step-doien 
transformer. It is much cheaper to transmit electrical energy by 
a small current at high pressure than by a large current at low 
pressure, since, in the former case, a thinner and less expen- 
sive wire can be used. On the other hand, high pressure is not 
wanted at the place where the electrical energy is to be used, and 
it is safer and more convenient to have the electricity supplied in 
large quantities at a moderate pressure. Hence arises tlie advan- 
tage of transformers when wo wish to use a current of electricity 
at a distance from the place where it is generated. In a thickly- 
populated district a transformer system of distribution is not 
needed, but where the houses to be supplied are sparsely dis- 
tributed, high-pressure systems are necessary for economy. 

In Primer No. 15, on. The Induction Coil,” it is explained 
that whenever a current is started, stopped, or reversed, or even 
when it is increased or diminished in strength, a. momentary cur- 
rent is induced in any neighbouring conductor. The variation of 
the lines of force caused by the*change of the primary current 
induces an electromotf^e force in the secondary conductor. The 
magnitude of this electromotive force is proportional to the rate 
at which the lines of force change, and is thus proportional to the 
number of current reversals which occur in a second. It will be 
seen in Primer No. 16, on “Alternate Currents,” that it is easy in 
practice to obtain alternating currents which reverse from 100 to 
200 times per second, ai^d such currents are capable of producing 
considerable electromotive forces in adjacent conductors. 

- • 

* Transformers are als called “ converters ” and “ secondary generators.’* ' 
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A transformer, like an ordinary induction coil, consists merely 
of two coils of wire wound on the same iron core. In an induc- 
tion coil the primary consists of a feW turns of thick wire, while the 
secondary often contains many miles of fine wire. The electrical 
pressure is proportional to the number of turns, and is generally 
about one or two volts for the primary, and many thousands of 
volts foi‘ the secondary, in consequence of its great number of 
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turns. The transformers used in commerce only differ from such 
induction coils in two respects : the ratio of the number of turns on 
the primary and secondary coils is not so large ; while the method 
of wunding the coils, and the construction of the iron core is 
carefully designed so as to secure economy in manufacture and 
efficiency of conversion. Of course, with transformers intended 
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to work with alternate currents, there is no need of the vibrating 
hammer used with induction coils to start and stop the primary 
current, nor of the condenser used for accelerating the changes, 
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since these devices are only needed to convert a steady current 
into a varying one. ® 

The first transformer '^as made by Faraday, but to Messrs. 
Gaulard and Gibbs belongs the honour of introducing it into 
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extensive practical work. Their original form of transformer is 
illustrated in Fig. 1, in which the rectangle denotes the iron 
core, the thick line represents the coils of the primary circuity 
and the thin dotted lin3 the secondary circuit closed through a 



Fig. 5. 


glow lamp. An improved form is indicated in Fig. 2. In 
this the iron circuit is seen to be closed, a modification in con- 
‘struction which has been adopted b/'nearly all recent makers in 
order to reduce to a minimum the loss of energy due to the heat- 
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ing of the coils by the current. For reasons similar to those 
which have already been explained in connection with the deigns 
of dynamos, it is desirable to reduce the magnetic resistance as 
much as possible — that is, to make the iron circuit short and 



Fig, 6. 


thick. This has been accomplished in sevelral ways by different 
makers, the method adopted depending on purely mechanical and 
economical considerations. Figs. 8, 4, 5 , and 6 illustrate the 
mode of construction and external appearance of the Westing- 
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house transfonner, which has been extensively used in America. 
The iron circuit is made up of a pile ol sheet-iron stampings such 



Fig. 7. 

as that represented in Fig. 8. The cross pieces have to be bent 
before slipping over the coils, but this can easily be done, and the 
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etrips xjan be compressed afterwards by end plates and tie-rbds. 
Fig. 4 shows the core in process of formation, and Fig. 5 the 
finished transformer. This may be protected by an iron case as 
shown in Fig. 6. The object of forming the core of a pile 
of plates is to diminish the e(hhj or lunirnult currents which are 
induced in the iron core by the alternating currents in the 
primary and secondary coils. These currents absorb energy, 
whiph is wasted. 

The Mdrdey transfonners are built up in a very similar 
manner, and two of them are shown in Fig. 7. 

The transformer advocated by Mr. Swinburne is of the 
original open circuit type. It is illustrated in Fig. 8. The iron 
core consists of bundles of soft iron wires placed in the recesses 




of a gimmetal casting supporting the converter. These bundles 
are taped over, the secondary is woui>d on first, then an insu- 
lating layer of ebonite, and finally the primary. Stoneware jars 
of special construction are used as cases. It is claimed for this 
transformer that, although absorbing more energy in heating the 
coils by the passage of the current, it is more economical than 
other transformers because less energy is lost in the iron core due 
to what is known as lujHteresiH* and that in consequence very 
little energy is wasted when the transformer is left on the mains 
with its secondary cirqpit,open, 

* Hysteresis is the name gi^ en by Prof. Kwing to the tendency which iron 
has to persist in a given inafnetic state, and energy has to be expended in 
overcoming this tendency. 
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• Transformers for converting continuous currents from high 
pressure to low pressure have also been designed, and are called 
continuous current transformers. Unlike alternate current trans- 
formers they require moving parts. They have not as yet been 
much used. 

The following books may be recommended to those wishing to obtain 
further information on this subject : — 

“ Electrical Engineering.” By Slingo and Brooker. 

“ Electrical Distribution by Alternating Currents and Transformers.” By 
Bankin Kennedy. 
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THE ARC LAMP. 

The passage of an electric current through a conductor is 
always accompanied by the production of heat, and if we can 60 
arrange matters that some portion of the circuit is raised to a 
sufficiently high temperature, that portion will become Inminons, 
and may be used as a source of light. In any given circuit, 
and with a given current strength, the rate of productio]i of heat 
in any part of the circuit is proportional to the resistance of tiiat 
part, so we mast give a high resistance to that portion which is 
designed to become luminous, and a low resistance to tlie 
wires which convey the current to it. This is done in incan- 
descent glow lamps by using a thin filament of carbon for tlic' 
light giving conductor, while in arc lamps part ol^the circuit 
consists of heated vapour, which is a bad conductor, and gets 
therefore proportionately hot. If two conductors at a difference 
of pressure of 50 or 100 volts are brought close together, without 
actually touching, no current will flow ; even a very small 
layer of cold air offering an infinite resistance. But if tht* 
current is once started by bringing tjiem into contact, it will 
not be interrupted by a small fiyet)aration of the conductors : tlit^ 
gap will be bridged over by heated vapour, which serves as a 
conductor. This stream of vapour is known as the ehrf/ir <ik . 
Its resistance is considerable, and its temperature is sufficiently 
high to fuse and vaporise all but the most refractory substances. 
If we “start an arc” between two copper wires, a brilliant 
green flame is the result, and the wires will be rapidly consumed : 
a result which is occasiqpally brought about unintentionally, 
owing to the accidental contact of conductors designed to be 
insulated from one another. If, however, we use rods of a hard, 
dense form of carbon made for the purpose, we shall have a 
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white or bluish white light of great intensity, and the carbon will 
gradually waste away. 

The appearance of an electric arc between a pair of carbon 
points is shown in Fig. 1. The hollow or crater, a, which forms at 
the end of the positive carbon is very intensely heated and emits 
a brilliant light ; both carbons are rendered red hot for a short 
distance along their length, but the crater is the principal source 
ot light. It will be evident from the shape of the incandescent 
hollow that, if the top carbon is made the positive one, the 
light will be chiefly cast downwards, which is usually the direc- 
tion in which it is most wanted. This is one reason why this 
arrangement is almost invariably adopted. In arc lamps of the 
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most usual power the carbon points are separated by about .jVth 
of an inch, the difference^ of pressure between them is something 
between 45 and 50 volts, and the current strength is usually 
from 5 to 15 amperes. The size of th6 carbon rods depends 
ui)on the strength of the current ; for a 10 ampere lamp it is 
usual for them to be from |ths to J an inch in diameter. A 
lamp taking a 10 ampere current is often said to give 2,000 
nominal candle power, though the average illumination is really 
about 600 or 800 actual candle power, but varies a great deal in 
different directions in the same vertical plane. 

The carbon rods are consumed during the working of the 
lamp, chiefly by combustion, and at Vi rate which depends upon 
•the strength of the current, and the size, hardness, and quality 
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of the carbons. This consumption is usually about 2 inches per 
hour for the positive and 1 inch per hour for the negative, the 
former being used up about twice as fast as the latter. From 
this it is evident that if the carbons were fixed relatively to each 
other, the length of the arc would gradually increase, which 
would first produce unsteadiness, and finally extinction of the 
light. It is therefore necessary that the carbons should be 
cau8#d to approach each other at such a rate that the arc is 
always maintained at the proper length, and an arc lamp must 
be provided with mechanism which will automatically do this in 
as perfect a manner as possible. A wonderful amount of in- 
genuity has been expended upon endeavours to attain this end, 
and it is impossible in the short space of this Primer to do more 
than sketch the leading principles upon which the most successful 
arc lamps have been designed. 

An ate lamp in the first place must be provided with 
mechanism which will allow the carbons to touch one another, 
and then separate them to the distance necessary for the forma- 
tion of the arc — in other words, mechanism which will strike the 
arc. As the carbons are consumed they must be gradually 
brought towards each other, or fed, so that the arc is always of 
the proper length, and this feeding mechanism must be directly 
dependent on the length of the arc. Now as the arc becomes 
longer, its resistance increases, which results in an increase of 
the potential difference between the carbons if the ^amps are 
worked with a constant current, or a diminution of the current 
strength if they are run at constant pressure. It is seldom that 
a single lamp is run on a circuit by itself; usually a considerable 
number are supplied from one dynamo, and are placed either in 
series or in parallel, the current in the former case and the 
pressure in the latter being kept constarffc by a suitable arrange- 
ment of the dynamo. It is this variation of the pressure or 
current due to change *of length of the arc which is utilised to 
control the feeding mechanism. 

Fig. 2 represents diagramatically the least complicated 
arrangement for effecting this purpose. The positive carbon C is 
clamped to one end of an iron rod A, which is free to move up 
and down through holes provided for it in the ease for the lamp ; 
the lower carbon is held in a clamp supported from the body of 
the lamp by side rods, not shewn in the diagram. The general 
design of framework, &c., ilfeually to be found in arc lamps, ijs 
shewn in Fig. 4. The iron rod A can slide into a solenoid S 6^, 
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on whieli are wound two coils of wire, one consisting of a few 
turns of thick copper wire (represented by a thick line in the 
diagram), the other having many turns of line wire. A current 
entering at the terminal +T is divided into two parts, one of 
which flows through the thick wire coil, and then, by way of the 
carbons, to the other terminal - T ; the other portion flows only 
through the flue wire coil. Tlie thick wire coil is thus in srrh'a 
with the arc, while the tine coil is a sZ/uat to it : as^ howcA’fr, the 



flue coil has a resistance of several hundred ohms, only a small 
fraction of the total current is shunted by it. When no current 
is passing, the upper carbon falls by its own weight till it rests 
on the lower one. If now^ while the carbons are in contact, a 
difference of electric pressure is set up between the terminals 
+ T and - T, a current will flow through the series coil, which 
'will suck the iron rod A into itself ; the carbons -will be thus 
separated, and an arc formed. But there is also a current in the 
shunt coil, and as the two coils are wound in opposite directions, 
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the effect of the series coil is weakened, so that the force 
tending to lift the iron rod is only that due to the dijferenve 
between the actions of the series and shunt currents. The iron 
rod will be lifted until the attraction of the solenoid is just 
balanced by the weight of the rod, and the winding of the coils 
must be so designed that this state of balance occurs when. the 
arc has been drawn out to the proper length. The operation of 
striking the arc will be the same whether the lamps are being 
run in parallel or series ; but in order to see the way in which the 
upper carbon is fed, let us first suppose that they are being run 
with a constant current — that is, in series. 

Now as the arc becomes longer by the wearing away of the 
tsarbons, its resistance increases, and the current in the series 
circuit diminishes, and more of the current goes through the 
shunt coil. The magnetic effect of the shunt coil will there- 
fore become more nearly equal to that of the series, the iron 
core will be held up with less force, and the carbons will approach 
each other. As the arc in this way is shortened, the shunt 
current is diminished until, when the arc is reduced to its normal 
length, balance is restored and the core ceases to move down. The 
length of the arc is thus adjusted at intervals, but these intervals 
should be as short as possible ; in a lamp which is well designed, 
and properly cleaned and adjusted, the feeding is almost con- 
tinuous. It will be noticed that the series coil is only useful 
while the arc is being struck, the regulation depending on the 
variations which occur in the shunt current when the arc changes 
in length. If we can make the shunt coil also strike the arc — and 
the mechanism can easily be modified so that it can do so — we 
might omit the series coil altogether ; but we must then arrange 
matters so that the carbons are normally not in contact, for 
when they touch each other they short-circuit the shunt coil, so 
that practically no current flowS through it until the arc is 
formed. Lamps confining one or more shunt coils only are 
sometimes used for series working, but the differential w^inding 
above described is more generally employed. 

If, however, we are working lamps in parallel, with a constant 
difference of pressure between the mains, the current in the 
shunt coil will be constant, and the regulation will be effected by 
variations in strength of t^^e main current flowing in the series 
coil. But though differential lamps will run satisfactorily in 
parallel, the shunt coil is sometimes omitted, the series coil 
serv’ing both for striking the arc and regulating the feeding. 
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Several lamps have been devised, which do not diflFer in 
principle from that shown in Fig. 2 : the best known of these 
‘‘solenoid lamps’* is the Pilsen, the peculiarity of which consists 
in tapering the iron core A towards the top, in order to make the 
attractive force more nearly the same in different positions of the 
core. But the majority of arc lamps are somewhat different. 
They may be roughly classified as clutch lamps, brake-wheel 
lamps, and clockwork lamps. ^ 

In the lamp represented by Fig. 2 the upper carbon is directly 
attached to the solenoid core A ; in clutch lamps, however, the 
carbon is held by a separate rod, while a clutching device is 
operated by the solenoid core. The particular arrangement of 
clutch used in the Brush lamp is shown in Fig. 3, where and 
E^ represent portions of two brass rods or tubes which can slide 



up and down in the frame of the lamp, and to the lower ends of 
which a pair of positive carbons can be clamped. [It may be 
here mentioned that arc, lamps, when they are required to bum 
for more than about eight houfs without attention, are often pro- 
vided with two sets of carbons, the current being automatically 
transferred to the second pair as soon as the first has been con- 
sumed.] The negative carbons are fixed to a suitable frame- 
work. Eound each of the rods is a loosely fitting washer, 
through which it can freely slide if the washer is at right angles 
to the rod, as is the case with ; ^but if the washer is lifted by 
one edge, so as to be tilted, as shown ^t W*-^, the rod is held fast 
or clutched. These washers can be both tilted and raised 
bodily by a frame K, which is connected by a lever with the core 
of a differentially wound solenoid, not shown in the figure. 
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Wbeji no current is flowing round this solenoid, the frame K is 
in its lowest position, and both washers are horizontal, being 
supported at their outer edges on stops or pins. Both rods are 
thus free to fall till the positive carbons rest on the negatives. 
When the current is switched on, the solenoid core rises, lifting 
the frame K, and the washers and W^. Now it will be noticed 
that the pin which unclutches or tripa the washer W^ is lower 
thai;^ the other, whence it follows that this washer will be tilted, 
and will chitch its rod, while is still horizontal. As the 
frame K continues to rise, the rod K^, being held by its washer, 
will be lifted, and the right-hand pair of carbons separated, but 
no arc will be formed, the current havmg a much easier path 
through the left-hand pair, which are still in contact. A 
further rise of the frame K now tilts the left-hand washer W^ 
and lifts the rod separating the left-hand pair of carbons 
and striking the arc. As the carbons are consumed the electric 
pressure between them increases, and the solenoid core descends 
just as it did in the lamp shewn in Fig. 2. The frame K also 
sinks, and the carbons are brought nearer together. But the 
washer now begins to touch its stop, and to be tripped, 
so that the rod is free to fall. As soon, however, as this 
occurs, the weight of the left-hand rod and its carbon is taken 
off the frame K, and the attractive force of the solenoid at 
once causes the core and frame to rise slightly, so that the 
rod is again gripped by the washer. But during this process 
the rod has slipped slightly through the washer, and the carbons 
have approached each other. If the arc is now of the proper 
length, the frame remains stationary, but if it has become too 
short in consequence of the rod having slipped too much, the 
frame rises. Tliis cycle of operations is continued during the 
burning of the left-hand pair of carboi^. If the adjustment is ac- 
curate, the movements of the fi^mo K are ahnost imperceptible, 
and the feeding is nearly continuous. While the left-hand car- 
bons are burning, the frame has not descended sufficiently far for 
the washer to be tripped, or for the right-hand pair of carbons 
to come in contact ; but when the left-hand pair are consumed, 
a suitably placed stop prevents the further descent of the rod E^ 
the arc becomes too long, and the frame sinks until the right- 
hand carbons touch, and, the current is diverted to them. The 
right-hand washer now acts just as did the left-hand one, and the 
arc is maintained betweeti the right-hand carbons till they, too, 
are consumed. 
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In the^Brusli lamp, B} and are tubes filled with glycerine, in 
e^tch of which loosely fitting pistons hang by long piston rods 
secured to the top of the lamp : the fluid friction thus introduced 
prevents any sudden movement of the carbons. Although in 
other lamps this device is not applied to the carbon-holders 
themselves, yet a cylinder and piston — or dash pot — is generally 
attached to some mo^^ng part so as to obviate sudden motion of 
the solenoid core. The cylinder is not usually filled with glycerine, 
but the piston is made to fit as well as possible, the resistance 
being due to air friction only. 

Maiiy forms of clutch lamp have been devised ; those most 
extensively used being the Brush and Thomson-Houston. It will 
be e\'ident, however, that the delicate action of the clutch depends 
very much on the cleanliness of the rods, which, being exposed 
to the heat of the arc and to a sort of smoke consisting of fine 
particles of carbon and ash, are somewhat difficult to keep in a 
proper state of polish. This objection applies with much less 
force to brake-wheel lamps, of which the Brockie-PelJ lamp, showm 
in Fig. 4, may be taken as an example. In these lamps a rack 
is cut upon the carbon-holder rod 1), which gears with a pinion 
wliose axle is fitted in bearings in the lamp frame, and to which 
is attached a wheel R having a diameter of ‘2 or 8 inches. A 
movement of the carbon -holder causes this wheel to turn ; a brake 
C, similar in principle to the washers and other devices used in 
clutch lamps, controls its rotation just as the washer in Fig. 8 
controlled the falling of the rod. Referring to Fig. 4, it will be 
seen that there are two solenoids, A and B, one in series with the 
arc and one a shunt to it, whose cores A^ and B^ are attached to 
opposite ends of a pivoted lever L. Their joint action is 
similar to that of a difterentially wound solenoid, for the movement 
of the lever is due to the difference between the pulls exerted by 
the two coils. When the current is switched on, the series 
coil lifts up the left-hand end of the lever, wdiich, being con- 
nected with the brake by a link K, first causes the brake to grip 
the wheel, and then turns the wheel slightly, thus separating 
the carbons and striking the arc. The differential action of the 
two solenoids causes the lever to continually oscillate through a 
small angle, alternately gripping and releasing the brake wheel, 
and feeding the carbons towards each othe^. 

One advantage of brake-wheel lamps is that the surface of the 
wheel, on which the clutching device acts, moves several times 
faster than the carbon rods : whence it follows that the feeding is 
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likely to be more delicate. In clock-work lamps this principle is 
carried still farther, the motion of the carbon-holder being trans- 



Fig. 4. 


mitted to the brake wlieel by a train of several wheels and pinions 
arranged so that a smali descent of the former results. in several 
complete revolutions of the latter. Such a lamp (of the parti- 
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cular pattern designed by Fj’fe and Main) is shown in Fig. 5. A 
rack cut on the carbon-holding rod B gears with one wheel of a train 
of clockwork, so constructed that a small motion of B produces a 
considerable rotation of a brake wheel /. The frame carrying the 
wheelwork can be bodily lifted by the action of the main current 
flowing in a series solenoid E, on an iron core Eh to which the 
frame is connected by a lever D. A shunt magnet G, by attracting 
a piece of iron //, can lift a brake lever /h which normally prases 



by its own weight on the brake wheel. When no current is flow- 
ing through the series coil, the clockwork is in its lowest position, 
and the brake lever, coming in contact with a stop attached to the 
frame of the lamp, releases the brake wheel, and allows the upper 
carbon to descend till it rests on the lower one. On switching on 
the current, the solenoid E attracts its core, and the clockwork is 
raised : the brake lever is lifted off itgp stop, and prevents the 
rotation of the wheels, and consequently the upper carbon is lifted 
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up with the clockwork, and the arc is struck. As the arc increases 
in length, more current is shunted by the fine wire magnet G, 
which, by attracting its armature //, releases the brake wheel and 
allows the upper carbon to fall, until the arc is restored to its 
proper length. Clockwork lamps constructed on this and similar 
plans are capable of giving a very steady light, but their mechanism 
is somewhat complicated and delicate, and therefore liable to 
derajigement. 

The lanips used in the very early days of electric lighting were 
chiefly clockwork devices. Seeking for something simpler and 
more capable of withstanding rough usage, inventors produced 
clutch lamps, which are still extensively used, especially in 
America. During the last few years the tendency, in England at 
any rate, has been towards brake-wheel lamps, which, when well 
designed, seem to combine the good qualities, and avoid many of 
the defects, of the clutch and clockwork types. 

We have assumed hitherto that arc lamps are used with a 
continuous current : most arc lamps are so used, but there is no 
difficult} in arranging them so that they will burn quite satisfac- 
torily with an alternating current. The design must be somewhat 
modified, iron cores being laminated, and brass tubes, on which 
coils are wound, being arranged so as to avoid eddy currents, but 
the mechanical devices may be the same as in continuous current 
lamps. The distribution of the light is also different, as each 
carbon burns to a point, no crater being formed, ajid the two 
carbons are consumed at the same rate. 

The satisfactory working of arc lamps depends largely on the 
quality of the carbons used : no matter how well a lamp may be 
designed and made, .it cannot give a steady light with bad car- 
bons. It is also important that the dynamo should efiiciently 
keep constant the current or potential difference, as the case may 
be. A few years ago it was pap^llarly supposed that arc lamps 
were of a fickle and anreliable nature; but by the use of well- 
designed lamps, good carbons, and modern self- regulating dyna- 
mos, this impression is being gradually removed. 

The following work deals very exhaustively with this subject “ Eclairage 
d I’Electricit^.” By Hippolyte Fontaine. 
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THE INCANDESCENT LAMP. 


Suppose we take a piece of any infusible substance, and heat 
it up more and more ; we shall find that as its temperature rises 
it begins to give out light, and this light goes on growing in 
brilliancy from dull red to white as the temperature rises. In 
this case we say the body is incandcHcevt. 

A familiar example of an incandescent body is the lime 
cylinder in the oxy-hydrogen lamp. It will be seen by Primer 
No. 1, on The ElBfects of an Electric Current,*’ that when- 
ever a current passes through a body it gets hot, so that we have 
only to pass a strong enough current through any conductor to 
make it white hot and have an electric incandescent lamp. 
The air surrounding the hot body, however, will tend to cool it, 
over and above the cooling caused by radiation, so tb^t it would 
be well to place our incandescent filament in a globe exhausted 
of air. In early lamps the incandescent body was a coil of 
platinum wire. But it was soon found that a metallic filament 
was not good : the -point of incandescence and the point of 
fusion of platinum and most metals are so close together, that 
it is impossible to successfully work lamps made with platinum 
wire. • 

Inventors had therefore to cast about for some substitute, and 
carbon seemed the best : it is a fairly good condixctor, difficult 
to fuse, and a very good radiating body. But with carbon it is 
more than ever necessary to have the filament in a vacuum, other- 
wise it would be burnt up directly it was made incandescent by 
the current. 

Finally we arrive at 4he modern incandescent lamp, which 
consists of the following parts : — A glass globe, through the base 
of which are melted two platinum wires, having loops on the out- 
side by which they can be attached to the wires conveying the cur- 
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rent. iLe other ends of the platinum wires are fastened by cement 
or otherwise to the two ends of the carbon filament, which may 
vary from an exceedingly fine thread of carbon to something quite 
substantial. This filament is made in various ways and in various 
shapes ; one of the best known is a single or double spiral form. 
In Figs. 1, 2, and 3 ‘will be found types of various lamps. 

We will now proceed to describe the manufacture of a 
lamp. ' 

Tin' Fihunent . — This is the most important and delicate part 
of the whole lamp, as it is on its condition that chiefly depends the 
length ot time the lamp will last and the expenditure of energy 
necessary to keep it at a particular brightness (or in other words, 




its life and e/ficienrf/). The details of manufacture are different 
in different manufactories, and are usually trade secrets. We 
will describe two methods as examples. 

(1.) Cotton is taken and immersed in a mixture of nitric and 
sulphuric acids, so as to turn it into gun-cotton. This is then 
very carefully washed and cleaned and treated with ammonium 
sulphide so as to reduce it to celluloid. The whole is then 
carefully washed and beaten into a sort of paste consisting of pure 
amorphous celluloid. By means of moulds this is formed into 
filaments of the required form, and these (when dry) are coiled 
round rods to prevent injury and packed up with charcoal dust in 
an iron box, and the whole is subjected for some time to a very 
high temperature. The effect is to turn the celluloid into pure 
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hard carbon ; so that when the box is opened, the filaments seem 
as if they were made of a' black steely aubstance. 

(2.) Strings of good cotton thread are taken, and by means of 
strong sulphuric acid are parchmentized. After being thoroughly 
"washed so as to get rid of the superfluous acid, they are reduced 
hy dies to a uniform section, and then wound on charcoal rods, 
packed in charcoal and carbonized as described above. 

From filaments made in either of these ways it would be quite 
possible to* make lamps, but they are usually subjected to a 



further process before being fixed in thejbulb. This is the process 
called and consists in pjacing them in a liquid or gaseous 
hydro-carbon (such asi benzine liquid, or vapour, or coal gas), and 
passing momentary currents through them, of sufficient strength 
to render them highly incandescent. Evidently such a current 
will heat the thinnest part most ; and as the heat causes the hydro- 
carbon to be decomposed, and carbon to be deposited on the fila- 
ment, the effect is to reduce it to a perfectly even section through- 
out. As the filament is thus increased in size, it diminishes in 
resistance, and when tlie fiashutfj has reduced the resistance to 
the required amount the 4 )rocess is stopped. By this means the 
filament is made perfectly homogeneous and even in structure 
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and oroBS section, and it acquires considerably more Hluminatiilg 
power*and durability. It also enables lamps to be made of any 
desired resistance. 

We have next to fix the filament to the leading-in vrires. 
This is done in many ways. The ends of the wires may be simply 
flattened and the filament cemented to them with a conducting 
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cement ; the junction may be electrotyped when made ; or little 
cylinders may be made at the ends and squeezed round the ends 
of the filaments and afterwards electrotyped. In any case a good 
connection must be made — good from both the mechanical and 
the electrical point of view. 

The Globe , — This is usually made pf a pear shape (as in Fig. 4) 
out of a glass tube. The^ bottom part is then cut off with a file^ 
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aipid the leading- in wires of the filament are fused in through 
the bottom. After the filament has been attached, the tw6 
portions of the globe are again melted together. The globe has 
a tube melted in at the top (.sw Fig. 4), by which it can be 
attached to an air pump. 

The Kvh((usti(ni . — The next point is to exhaust the globe of 
air. A preliminary exhaustion by an ordinary pump is some- 
time^ made, .but the principal exhaustion is made by means of 
some form of mercury pump, of which the most usual is Sprengel’s. 
A simple form of Sprengel pump is shown in Fig. 5. A is a vessel 
of mercury ; B is another vessel joined to the vessel A by a tube, 
C D, longer than the barometric column. Close to the tap G 
is attached a tube E, leading to the lamp F. The tube C I) 
goes to the bottom of B. The tap is turned, and as soon as the 
mercury begins to run down we see the tube C D filled with little 
pellets of mercury separated by cylinders of air. The mixed mer- 
cury and air run into B, and the mercury overflows into H. From 



Fig. 6.— Method of Joining up Incandescent Lamps.# 


time to time H is emptied into A. As exhaustion goes on, the 
mercury pellets get closer and closer, and when it is complete, 
the tube C D becomes, a barometer tube, and the mercury stands 
in it to the height of the barometer. During the latter part of 
the exhaustion, strong currents are passed through the filament 
so as to make it highly incandescent. This process performs a 
double function ; it expels occluded gases from the filaments and 
the pump, and at the same time the filaments are subjected to 
so severe a test that the faulty are destroyed, and only good ones 
survive. 

The completeness of the vacuum is now tested by sparking from 
an induction coil, and, should all be well, the lamp is melted oil 
the pumps and sealed. *Cafe is required lest the glass round the 
end should crack and let in air, and consequently this part of the 
process has to be done carefully and slowly. The lamp is then 
finished off and is ready for the market. 
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We have now seen how an ordinary incandescent lamp is 
made, and it remains to show how it is used. With one excep- 
tion (the Bernstein system) all incandescent lighting is carried 
out on the “ parallel system,” i.e,, the lamps are joined across 
the wires, as shown in Fig. 6, where D is the dynamo, M M 
the mains, and L L L L the lamps. To insure bright and uni- 
form burning as well as long life, the current through the lamps 
must always be the same ; hence the generating plant m'ast be 
designed to give a constant pressure between the mains, whatever 
may be the number of lamps alight. 
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UNDERGROUND MAINS. 


A FEW years ago there existed no example of an underground 
electric light main system on a large scale, with the exception 
of the conductors of the Edison Company in New York and of 
the Allgemeine Elektricitiits Gesellschaft in Berlin. At the 
present moment, however, owing to the revival of electrical 
enterprise and the determination of municipal authorities not to 
permit overhead wires, there are extensive underground systems 
in progress in London, Paris, Rome, and other Englisli and' 
Continental towns, while in New York some 500 miles of electrical 
conductors are already laid under the streets. 

The essential components of an underground electrical main are 
— the copper conductors, for carrying the electric current from the 
central station where it is generated to the consumers’ lamps ; 
the insulating material, which surrounds the copper coftductor and 
prevents the current from leaking either into the earth or into 
another conductor ; and an outer casing, to protect the insulated 
conductor from mechanical injury and damp. A system of under- 
ground mains should.be cheap and durable, easily laid and easily 
repaired ; it should possess high insulation and great mechanical 
strength, and should afford facilities for connections, extensions, 
and additions. No sijigle system, it is needless to say, possesses* 
(tU these qualities, and it is only proposed in this Primer to 
describe those systems which have been practically tried and 
found to possess a sufficient number of these desidmita to warrant 
their general adoption. Without considering the methods which 
have been merely proposed, or which have been tried and 
abandoned, the variety of devices actually in use is very great. 
The different systems iJiay, however, be roughly divided into four 
groups, viz., (i.) Bare Conductors ; (ii.) The Drawing-in-and-out 
System ; (hi.) The “ Solid ” System ; (iv.) Armoured Cables. 
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Baxe Oonductors. 

A good example of the bare-conductor system is that of the St. 
James’s and Pall Mall Electric light Company. This Company, 
which works on the three- wire system of distribution {see Primer 
No. 84, on ‘‘Systems of Distribution”), employs strips of bare copper 
carried in shallow iron troughs on notched arch-shaped insulators 
{see Fig. 1). The lower half of the trough is about Gin. deep by 
lOin. broad, and is provided with an internal flange. A slightly 
arched cover forms the top of the trough, and the whole is made 
watertight by packing and red and white lead. Whenever it is 
required to tap the mains for the purpose of taking current into a 
lK)use, a hole is drilled in the side of the trough and a piece of gas 



piping is screwed in. Insulated conductors are then joined to the 
mains and run into the house inside the gas piping. Bare con- 
ductors are also employed by the Kensington and Knightsbridge 
Electric Lighting Company, the conductors being in this case run 
in concrete-lmed trenches about 15in. broad by 12in. deep. The 
chief advantages of using' bare conductors are the diminished 
first cost and the increased durctbility. Bare conductors are, 
however, only applicable where the electric pressure is low, as the 
insulation of the system is not very high. 

The Drawing-in-and-out System. 

The distinguishing feature of this group is the employment ot 
heavily insulated cables, which are pulled through small ducts or 
pipes. Electric light cables are as a rule very much alike 
They comprise a core consisting of sevei’al strands of copper wire 
this core being surrounded by an insulating coating of • india- 
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Tubber and braiding saturated with some compound. The nature 
of the ducts is, however, widely different. Thus, the House-to- 
House Electric Light Supply Company run their cables in cast-iron 
pipes from Sin. to Gin. in diameter. These pipes terminate at 
about every 100 yards in ‘‘ manholes.” One of these manholes ” 
is shown in Fig. 2. The pipes, it will be noticed, do not run 



directly into the manhole itself, but fit on to a kind of lip fixed 
to its side. The object of this device is to present a smooth 
curved surface to the cables where they enter and leave the man- 
hole, so that they can be drawn in and out with ease and without 
injuring their insulating eo\cring. Indeed, the principal object of 
these manholes is to enable the cables to be pulled in a*id out of the 
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pipes for purposes of inspection and repairs ; and one of the chief 
advantages of the drawing-in-and-out ” system is that repairs can 
be comparatively easily effected and new cables added as required. 
In the Callender-Webber system, used by the Chelsea Elec- 
tricity Supply Company,* the cables, instead of being run in 
iron pipes, are drawn through conduits of the kind shown in 
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Fig. 8, epch cable having a separate duct. These conduits are of 
bitumen, and are laid in short lengths, joined together by heating 
the bitumen at the joint. These conduits do not afford much 
protection from mechanical injury, being themselves easily broken ; 
but they increase the insulation of the system, and can be to a 
large extent preserved from mechanical injury by covering them 
on the top with a thin three-sided iron case. 

In New York the building and maintenance of the electrijal 
conduits is mainly in the hands of the Board of Electrical Control,, 
who have tried no less than eight different systems. Of these, 
one, or at most two, seem likely to come into permanent use, 
namely, the system of sheet-iron cement-lined pipes, and the 
system of wrought-iron pipes in hydraulic cement. In the 
former system, a sheet-iron tube 8ft. long, inside which there 
is a smaller brass tube, is held vertically, and semi-liquid cement 
is poured into the annular space between the brass and iron tubes.. 
When the cement is dry, the brass tube is taken out and the 
cement-lined iron tube is ready to form one of the ducts of an 
electrical conduit. In the second of the above systems wrought- 
iron pipes Jth of an inch thick, from 2in. to Sin. in diameter, and 
20ft. long, are employed, the pipes being joined end to end by a 
coupling screw joint with a tapering thread. Rows of from 4 to (> 
of these pipes are laid in a trench, one on the top of another, each 
row of pipes being separated by a layer of concrete. 

The ** Solid ” System. 

We now come to the third of the four groups into which 
the principal systems of underground mains for electric 
lighting purposes may be divided. The oldest exemplar of the 
solid ” system of undergr9und mains is afforded by the mains 
of the Edison Company of New York. In this system, copper 
rods, wrapped round with yarn, are placed in wrought-iron tubes,, 
which are then filled with a bituminous insulating compound. 
These tubes, which are made in lengths of 20ft., are laid some two 
or three feet under the roadway and covered by a stout planking 
before filling in. The copper rods project at either end of the 
tubes, beyond the bituminous compound, and are connected to 
the rods of the next length of piping by a flexible conductor. The 
manner in which the pipes themselves are joined is shown in the 
accompanying figure (Fig. 4), which represents the arrangement 
with the top half taken off. When the copper rods have been 

220 



( '5 ) 


joined across by the flexible conductors as shown in the sketchy 
the lid is screwed on, and the inteirior filled with a hot bituminous, 
insulating compound, which becomes solid when cold. 



Fig. 4. 


The Callender Company in their “solid” system, which is 
used in Liverpool and Bath, employ strong iron troughs 6ft. 
long, with overlapping joints ; the lengths being bolted together. 
Insulated cables are laid in these troughs in rows of tw'o, separated 
by wooden bridge-pieces and a layer of bitumen, as shown in 
Fig. 5 ; the top of the trough being either of iron or of concrete. 



Both these systems are of a very substantial character, and, 
if laid down properly to begin with, may be expected to last in- 
definitely. They possess,* hdwever, the disadvantage inherent to 
“ solid ” systems of being v§ry troublesome to repair, if repairs 
should ever be required. It is also necessary to pull up the road- 
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ymy xT the capacity of the mains is to he increased ; while in 
drawing-in-and-out *’ system, if a sufficient number 6f ducts are 
formed at the beginning, when the carrying capacity of the mains 
has to be increased, all that is required is to haul in an additional 
cable or two. 


Armoured Gables. 

Electric light mains protected by a lead cover, or “ armour,” 
have been used with considerable success both in Europe and 
America. These cables are, as a rule, laid direct in the earth, 
without any further protection from mechanical injury than their 
armour ; but in the New York electrical subways, lead-covered 
cables are drawn into the iron pipe conduits described above. 
The Siemens system of armoured cables is the one which is by 
far the most widely used in Europe. In Berlin it is employed for 
low-tension distribution ; while in London, where it has been 



Fig. q — I, Inner Conductor ; O, Outer Conductor ; L, Lead Cover. 

largely adopted by the London Electric Supply Corporation, the 
same system has with slight modifications been employed for 
distributing high-tension alternating currents. The insulating 
materials used are cheap, and the possibility of laying the mains 
direct in the earth great Jy simplifies matters. 

The Siemens armoured cable is made as follows : — The copper 
conductor is first of all wrapped round '^i^ith jute, and is then 
saturated and covered over by an insulating compound of bitumen 
and oil. A lead tube is next drawn over. This is covered by 
strong insulating tape, which in its turn is covered by two layers 
of iron strip wound on spirally in opposite directions. The whole 
ishnally covered with jute yarn which has been soaked in some 
insulating compound. For alternating currents, cables known 
as concentric are usually employed. These cables have the two 
conductors, positive and negative, under the same lead cover, and 
arranged one outside the other, as shown in Fig. 6. 
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In most systems of underground mains it is necessary to 
have manholes, where the cables may be drawn in and out 
and repaired, and in some cases tapped. In other systems, 
such as the Siemens, where the cables are only from 6 to 12 
inches under the ground, manholes are not employed ; but at 
regular intervals there are what are technically known as 
junction or distributing boxes, where the connections to the 
•consuviers’ houses are made. In other instances both man- 
holes and distributing boxes are used. Thus, in Fig. 2 we have 
the type of manhole adopted by the House-to-House Company. 
It is a shallow iron trough, 8ft. long by l^ft. broad by 2ft. deep, 
closed at the top by a strong iron lid. In New York substantial 
brick-lined manholes, 8ft. deep, are employed (Fig. 7). Branches 
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from the -main cables are here led into subsidiary cast-iron 
conduits, provided at intervals with “ handholes ” in the shape of 
removable covers. . Whenever it is desired to connect to a house 
an iron pipe containing the insulated electrical conductors is run 
from the handhole into the basement. 

Arrangements similar to these in principle, if somewhat 
different in their actual details, are necessary features of every 
complete system of underground mains for electric lighting 
purposes. 
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THE ELECTRIC METER. 


An indispensable adjunct to an installation of the electric light 
supplied with current from the mains of an electricity supply 
company is an electric meter to measure the amount of electricity 
supplied. An electric meter consists essentially of a device 
which is either set in motion or the motion of which is affected 
by an electric current, the device so set in motion actuating some 
form of registering mechanism. Various properties of the electric 
current are made use of in electric meters. In the Edison meter 
it is the chemical action of the current which is utilized ; while 
in the Aron meter it is the influence of the current upon a 
magnet; and in Prof. Forbes’s ‘‘ windmill ” meter, the air rising 
from wires heated by the passage of the current turns some light 
mica vanes. 

The requisites of a good electric meter are numerous, but it 
will suffice here to point out the more important. Accuracy is, 
of course, essentid, and in this direction the electric meter 
leaves little to be desired. A meter should also have a large 
range, i-e,, its indications should be tru^worthy when only a few 
lamps are burning, as ^well as when a large number are alight. 
The working parts of a meter should also be as strong as 
possible, since meters with delicate moving parts require constant 
attention and soon wear out. If a meter registers in a 
clear manner, and can be used either with continuous or alter- 
nating currents, so much the better. To sum up, therefore, a 
good i electric meter should be accurate to within quite one per 
cent., and should have a^lai'ge range ; its moving parts should not 
bertoo delicate, it eiiould roaster in a clear manner, and should 
be. capable of being used on any circuit. Perhaps the best 
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way to uncterstand the electric meter is to master the iirinciples 
involved ill the working of a few of the most widely need 
instruments. 


Edison Meter. 

The Edison meter, in4t6 original foMn, consisted of two copper 
plates, suspended at the end of a balance, and dipping into a 
solution of sulphate of copper. A current when passed through a 
solution containing a metal decomposes the solution, and deposits 
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the metal upon the plate by whichit leaves t-he liquid. Now, Edison 
makes use of this property in his well-known chemical meter. A 
current continually traversing the liquid in the same direction 
causes one plate to lose and the other to gain in weight ; the 
result being, in the meter as at first arranged, that after a time 
the balance swings over, reversing the current and registering a 
unit on the counting mechanism. As the current in the liquid 
now flows in the opposite direction,' the lighter plate gradually 
gains in weight, the balance soon over again, and so the 

action goes on. This method of automatically registering the 
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of. electricity poopumed, although highly ingenious, was 
^pen to ^^veral objections, and has been abandoned. In the latest 
pattern meter (see Fig. 1), the metal employed is zinc, and the 
solution is sulphate of zinc. On the top. shelf are the jars contain- 
ing the solution in which the zinc plates are hung, and in the lower 
♦division is an incandescent lamp, which is automatically lighted 
whenever the temperature falls to a certain point, and the heat it 
gives off prevents the liquid from freezing. Above the lamp will 
be nbticed a broad zig-zag strip of metal. This strip is of German 
: silver, and forms an alternative path for the current, a certain 
fixed portion only going through the depositing cells. If the 
whole current were passed through the cells, the plates would 
waste away much too rapidly. For instance, in a small dwelling- 
house, with (say) 30 16-oandIe power lamps, it may be reckoned 
that in the winter time 10 lamps will be alight eight hours every 
night, and this would meain that 6 amperei^ would flow for that 
time. If the whole of the current were sent through the cells for 
•eight hours every day, nearly 1 pound of zinc would be deposited 
•every week, an undesirably large quantity. On the other hand 
if matters are arranged so that only of the total current 

goes through the cells, this amount would be reduced to a few 
grains. In this form of Fdison meter, the current is always in 
;the same direction, and fresh plates are inserted at regular 
intervals. The meter is periodically inspected, and the zinc lost, 
by the losing plate is weighed, and the consumer charged for the 
proportionate number of units of electricity. This me^er is much 
used in the United States, and gives great satisfaction. It is, of 
‘Course, impossible to use it with alternating currents. 

Aron Meter. 

This meter, the principle of which iS due to Profs. Ayrton and 
Pe^y, is more generally used in Europe than any other. In its 
.original form,, the Aron meter consisted of an ordinary clock 
having a permanent magnet for the bob of its pendulum. Below 
the pendulum there was a coil of wire, with its axis vertical, and 
through this coil was passed the whole current going to the 
.oon$umer’s lamps. The effect of the current in the coil is either 
• to repel or- attract the permanent magnet attached to the pendulum, 
.and th<B infinence of grarvity being thus affected, the clock loses or 
gains time* As the effect of the cigrrent at any instant- is pro- 
portional todts strength, the amount that the clock loses or gains, 
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in a given interval of time, when compared with a good un^ 
influereed clock, affords a measure of the quantity of electricity 
consumed! In Fig. 2 is shown the latest form of Ai*on meter* 
Two pendulums control two distinct clockwork gears: one 
pendulum is of the ordinary kind, and oscillates regularly ; the 
other has either a permanent magnet or a wire coil at ite 
extremity, and its oscillations are influenced by the current passing 
through the coil surrounding it. The difference of speed between 
the two pendulums is registered direct in electrical units, 1)y a 
differential speed-counting gearing. The Aron meter can be used- 
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with alternating currents when a coil of fine wire is substituted! 
for the permanent magnet. 

Oulton Edmondson Meter. 

Identical in principle with the Aron njeter is that shown in 
Fig. 8, due to Messrs. Oulton and Edmondson, of Bradford. 
Instead of two gravity pendulums, as in the Aron meter, we have 
two torsion pendulums, i.e., pendulums actuated by the twisting 
of a fine wire. One of these pendulums carries permanent 
magnets, and underneath are two stout copper rods, traversed by 
the current which is to be measured. The current has either 
a retarding or an accelerating influence (according to the 
direction in which it flows through Jbhe instrument) upon tho 
pendulum carrying the pennanent magnets, and the difference 
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Md consequently it need not be wound up exceed at W 
mtervds; (/>) it is less liable than the Aron meL to be siouX 
affected by external vibration or being badly fixed. To convert 
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the meter mto an -alternate-current meter, ue have, as in the 
magir ’ permanent 


Forbes Meter. 

In Iig. 4 we haie the latest form of Prof. Geo^rge Forbes’s 
ingenious ‘‘ windmifl” meter. The windmill consists of a 
l^^orizontal Jsc of mica, attached to which, by means of small 
pieces of pith, are mica vanes, inclined at an angle of 45 degrees 
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to the vertical. The disc has a hole in the middle, in which is 
htted a thin^paper cone. Above the apex of the cone is a small 
steel pinion, which actuates the train of clock wheels connected 
with the counting mechanism. Underneath the windmill will be 
-seen two concentric copper rings, bridged at intervals by fine 
wires. The current enters at one ring and crosses over to the 
^her by the fine wire bridges. The current heats the wires; and 
thus gives rise to an updraught of heated air, which causey the 
windmill to turn. The number of revolutions of the windmill 
is recorded in the usual manner, and the total number of them 



Fig. 4. 

is proportional to the total quantity of electricity supplied. The 
Forbes meter is equally available for use with either continuous 
or alternating currents. ^ 

€ 

Elihu Thomson Meter. 

Another kind of meter is what is technically known as a 
motor meter” — a meter, that is to say, which is nothing more 
than a miniature electric 'motor. One of the latest types of “ motor 
meters ” is that recently brought out by Prof. Ehhu Thomson, 
of America, and shown in Fig. 5. The, meter is usually arranged 
as a watt -meter, or more accurately speaking as a watt -hour 
meter — that is to say, it is arranged to measure and record the 
product of current, and pressure, and time (in hours). The 
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armature or moving portion is wound with fine wire^ and is 
connected ^‘in shunt” across the house mains. Surround- 
ing the armature are a pair of fixed thick-wire coils, through 
which passes the whole current going to the lamps^ An 
endless screw on the armature shaft engages with a wheel 
connected to the counting mechanism, and the revolutions of 
the armature are in this way recorded. On the lower part 
of the armature shaft is a copper disc, which^ as can be seen 
by tlie illustration, moves between the poles of a number of 
permanent magnets closely embracing it. 



Fig. 5. 


Shallenberger Meter. 

We now come to an entirely new type of meter, namely, that 
which can imhj be used with alternating currents. The modns 
operandi of these meters is somewhat difficult to make plain to 
elementary readers, and the task is only attempted because, with 
the extendihg use of alternating currents, such instruments are 
becoming daily more conlmon. In Fig. 6, we have a general 
view of an ingenious meter devised by Mr. Shallenberger, of 
Pittsburg (U.S. A.). By t&e aid of the Vagram (Fig. 7) it may be^ 
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possible to mak^ its action tolembly clear. Tb^^ meter consists 
essentiaJly of a circular iron disO) a, mounted on a yertical shaft, 
which is cohnccted at the top to a countingAmechaa^m (Fig. 6), 
and at the bottom to a set of fans which retard its rotation. 
Surrounding the disc are two coils ; c c, through which passes 
Ihe current to be measured, and h />, in which a current is 
"^‘induced” by the current in c c. TheSe two coils, it will be 
observed, are arranged at an angle of 45deg. to each other. 
iNow, as the current rises and falls in cr, it causes by ‘‘iliduc- 
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iion ” a current to rise and fall in ^ which, it must be clearly 
understood, are not in any way connected to c c. There is, 
however^ an interval of time between cause and effect, and by 
the time that the current in c c has attained a maximum, 
magnetised the iron disc, and disappeared, the “induced” 
current in Z> is at its strongest, and tendf to turn the magnetised 
disc round in m certain direction. When the current in c c is 
going in the opposite direction, it iflagnetises the disc in the 

232 


( -9 ) 


opposite directieii, but as it also ‘‘ iiiduoes ” arL opposite currsiit in 
/> h, the lotation of the disc still contiBues* The ShaD^bai:^ 
Baeter'is thotefore nothing more or less than an alternate cttrreni 
meter.’* 



Fig. 7. 


Wright-Perranti Hater. 

The very latest pattern of alternate-current meter is that due 
to the ingenuity of Messrs; Arthur Wright and S. Z. |Je Ferranti. 



Fig. 8. 


The essential parts of this beautiful instrument are shown in 
-Pig. 8. They comprise a* pair of vertical electro-magnets, one of 
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which is shown in detail on the right. The pole-pieces of' 
these elec!;ro-magnets are drawn out into peculiar curved horns. 
Sound these curved horns are wrapped at intervals thin 
copper bands, and between these curved horns there is a light 
rim of copper attached to a vertical spindle, to which are fixed 
mica vanes. The alternating-currents traverse {he coils of the 
electro-magnet, aiid cause lines of magnetic fotce to traverse the 
horn and cross over to the opposite pole. 3^he passage of these 
magnetic lines of force, however, through the copper Imnds 
^‘induce” momentary electric currents in- them, and these 
momentary electric currents t3nd to obstruct: the free passage of 
the lines of magnetic force, which do not, therefore, all traverse 
the horn to its tip, but puff out, so to speak, at every band, and 
inducing ” electric currents in the copper rim, cause it to be 
repelled and continuously rotated. The rotating wheel actuates 
the usual counting mechanism. 


The term “ unit of electricity ” has been frequently used in 
reference to the meters described ; and a clear understanding of 
what is meant by tliis phrase is, therefore, necessary. The English 
unit of electrical supply has been fixed by the Board of Trade at 
1,000 watt-hom’s. The unit of current is the ‘‘ampere,” the 
unit of electric pressure is the “ volt.” One watt (the electrical 
unit of p(ftver) = l volt x 1 ampere. The electric pressure on 
the consumer’s lamps is usually 100 volts, and his lamps are of 
16 candle-power ; 20 such lamps would require about 10 amperes 
of current ; therefore twenty 16 candle-power 100 volt lamps would 
require 10 x 100 « 1,000 watts, and if they were kept alight for 
one hour, they would require 1,000 watt-hours, or 1 Boatd of 
Trade unit. 
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ELECTRIC LIGHT SAFETY DEVICES. 


Attention will be directed in this Primer splely to those 
devices which are employed in ordinary house installations of the 
electric light, in order to secure safety to property and person. 
Lightning protectors are, of course, safety devices, and are 
employed in connection with electric lighting ; they are, however, 
a class by themselves, and a separate Primer has been devoted to 
them. Moreover, lightning protectors, if used at all on electric 
lighting circuits, are fixed up in the dynamo-room, and away 
from the house supplied. 

The object of every safety-device, or “cut-out,” is either to 
guard against too strong a current flowing long enough in a wire 
to effect damage to the wire itself and to the lamps connected 
with it, or to prevent a current of dangerous pressilre from find- 
ing its way into the house-circuit. Cut-outs may be di^uded into 
tliree classes — (i.) Fusible, (ii.) Magnetic, (iii.) Electrostatic. 

A fusible cut-out is merely a metallic strip or wire inserted in 
a circuit with a view to its fusing, and thus breaking the circuit 
should an excessWe current from any cause be present. Fusible 
cut-outs or “fuses” should l;e inserted close to the root of a 
system of conductors — t.c., clbse to the dynamo or to the point 
where the house conductors tap the street mains, and close to the 
root of every branch-circuit — close to the point where a 
branch -circuit taps the house-circuit. Thus FF (Fig. 1 ) are 
main fuses inserted close to the terminals -f and - of the 
dynamo D to protect the whole house system A,B,C. ; while ./*/, 
/j, and ,/’2./’2 fuses inserted close to the main house conductor 
MM in order to protect the branches I., II., III. A good fusible 
cut-out should bP made of a cheap material with a low melting 
point, not liable to undergo molecular change after a lapse of time 
or after heating, or to fuse in a more or less explosive manner. 
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Platinum is but very slightly affected by time or heating ; on the 
other hand, it is costly, being almost as expensive as gold, and it 
has a very high melting point (8,682°P.). Copper is some- 
what expensive, and it has a high melting point (2,100^F.); 
moreover, when it fuses, it is liable to do so explosively, and 
finally it changes its melting point after repeated heating. Iron^ 
also, has a high melting point (2,000^.), and it oxidises readily. 
Lead has a low melting point (608“F.), and is cheap^ but i^ very 
oxidisable. Tin is cheap, not readily oxidisable, and has a very 



® Fig, 1. 


low melting point (446°F.), Tin, therefore, is the metal par 
e.vceUenre for fuses, for although alloys can be made having a 
nmch lower melting point, they generally have the defect of 
altering in molecular structure in course of time. The reasons 
for the necessity of these various qualities are sufficiently obvious, 
but it may be as well to emphasise them. A material having a 
high fusing point would become so •hot 4 before it melted that 
there would be a danger of it setting fire to surrounding objects, 
and thus giving rise to a mishap it wa!} intended to prevent. A 
material wliich underwent molecular changes and melted, say,' at 
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a temperature 50 per cent, lower or higher after it had been up 
six months than it did when first installed, would either one day 
break the circuit without due reason, or not break it when it 
ought to, as the case might be. Finally, a metal which on 
melting flew into molten globules would also be likely to*give 




Fig. 3. 


riSe to accidents. Another desideratum, not mentioned above, 
is the property of always' melting close to the normal melting 
point. This, however, defends largely on the manner in which 
the fuse is constructed, and very fair regularity in this respect 
may be attained by scientific construction. Fuses, it may 
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perhaps be necessary to add, are set to “go off” whenever the 
current exceeds its proper maximum value by a certain amount, 
say250 per cent, to 100 per cent. For example, if the circuit in 
Fig. 1 comprises 100 volt 16 candle-power lamps, the proper 
maximum value for the current is about 60 amperes ; the main 
fuses FF may then be set to act at about 120 amperes. 

One of the earliest and most widely used fusible cut-outs was 
that due to Mr. Killingworth Hedges, who used a strip of tm-foil 
placed between two strips of mica. Another form of fusible cut- 
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out which has quite recently come into general use is that 
illustrated in Fig. 2, and known as Cockbum’s. The material 
employed by Mr. Cockburn is tin, containing 5 per cent, of 
phosphorus, and melting at 455°F. Although oxidation does 
not readily take place in the case of tin, slow oxidation does 
occur when a tin wire is heated. The thin film of oxide thus 
formed frequently prevents ordinary till wire fuses from acting 
properly, since the film becomes a s«rt of retaining tube to the 
molten metal inside, and the circuit is not broken. To avoid this 
Mr. Cockburn places a small leaden weight on the wire, which 
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causes the wire to break as soon as it becomes pasty. These 
fuses are mounted on fire-proof bases in the manner shown in 
Fig. 8, which represents a large main cut-out. 

We now come to magnetic cut-outs, which are, as a rule, 
only used for main circuits in addition to the fusible cut-outs. 
{See m Fig. 1.) Magnetic cut-outs, when properly arranged, 
operate far more accurately and promptly than fuses, but are, of 
course, more expensive. Their principle is very simple. The 
main current passes through the coils of a powerful electro- 
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magnet to the armature of which is attached a j'" | shaped 
copper rod dipping into two mercury cups. The rod and the 
cups also form part of the main circuit. When the main current 
exceeds its normal maximum strength by a fixed amount, say 
100 per cent., matters are arranged so that the electro-magnet 
attracts its armature, and causes it to lift the rod out of the 
mercury cups, thus bfealting the circuit. 

In Figs. 4 and 6 we^ have drawings of a magnetic cut-out 
devised by Mr. Napier Prentice, which illustrates the principle 
very clearly. In Fig. 4 the |" ] shaped copper rod is Seen 
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Upping mto the mei^uty cups at the top of the base, and the 
araiature ii^ nnattracted by the electro-magnet seen near the 
bottom. Fig. 5 shows the condition of affairs after an excessive 
current has by some accident or other been caused to flow 
through the coils of the electro-magnet, which has attracted its 
armature, and this latter, aided in its fall by the heavily-weighted 
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lever attached to its axis, has tilted over and smartly lifted the 
I " ' I shaped copper rods out of the mercury cups. 

The last type of safety-device to be described is the electro- 
static cut-out, or eartiling device, due to Major Cardew, R.E. 
This apparatus is intended to prevent not an excessi^eh large 
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current, but a current of excessively high pressure, from finding 
» its way into a house -circuit. The device is therefore restricted 
to houses attached to an alternate -current transformer, or other 
high-pressure system of electrical supply. {See Primer No. 34, on 
Systems of Distribution.”) The device consists of two circular 
brass plates placed opposite each other, the plates being insulated 
from each other by ebonite rings. Resting on the lower of these 
two plates is a thin foil of aluminum of the shape shown in Fig, 6. 
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One plate is connected to the earth, and the other to the house or 
secondary circuit of the transformer. Should the high-pressure 
current in the main or primary circuit of the transformer by 
any chance find its way into the house-circuit, the increased, 
difference of pressure between the two plates causes one end of 
the foil to lift up by electrostatic attraction, and strike against a 
projecting knob on the upper plate. The high-pressure current 
now dias an ^easy path back to the dynamo through the earth. 
A rush of current ensues and the main fuses ‘‘go,” cutting off 
the supply and obviating all danger to life. In Fig. 7 we have 
a front view of this automatic earthing device with the cover 
removed. 

The electric light, if installed with ordinary care, is beyond 
doubt the safest of illuminants, and, by a JwUHous use of auto- 
matic safety-devices such as described, its safety borders on the 
absolute. 
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FULLY ILLUSTRATED, 

THE ART OF ELECTROLYTIC 
SEPARATION OF METALS 

(THEORETICAL AND PRACTK’AL). 

By GEORGE GORE, LL.D., F.R.S. 


'VJ'O <>ther book entirely devoted to the Electrolytic Separation 
ll and Refining of Metals exists in any language. The present 
book contains both the science and the art of the subject, ?.e., 
• both the Tlieoretical Principles upon which the art is based, and 
the Pi-actical Rules and details of technical application on a 
commercial scale, being thus suitable for both Student and 
Manufacturer. 




The Electrician ” Primers . — No. 34. 


SYSTEMS OF ELECTRIC DISTRIBUTION. 


In the earliest days of electric lighting, when the only source of 
light was the arc lamp [nee Primer No. 29, on Electric Arc 
Lamps”), it was customary to run single lamps off separate 
machines. Later on, when more powerful dynamos were con- 
structed, it became possible to run several lamps off the same 
machine. The. lamps were invariably arranged ‘‘in series” — 
that is to say, the current from the + pole of the dynamo passed 
in succession through each lamp and back again to the - pole, as 
shown in the annexed Fig. J. The arc lamp was, however, found 
very unsuitable for domestic lighting, owing to its intense glare 
and comparative unsteadiness, which neither opal globes nor good 
carbons and improved mechanism have, even now, entirely ob- 
viated. Another disadvantage was that arc lighting as then 
carried out necessarily involved the introduction into tjje houses 
of high-pressure currents dangerous to human life. 

Unless electric lighting, therefore, was to te mainly confined 
to the streets, it became evident that some other system must be 
devised. The first step was the substitution, by Edison and Swan, 
of the now well-known incandescent or glow lamp [see Primer 
No. BO, on “Incandescent Lamps”) of^lO or 20 candle-power 
for the arc lamp of 1 ,000 or 2,000 candle-^wer. This was quickly 
followed by the proposal of Lane Fox to lun the incandescent 
lamps in parallel across the mains [see Pig. 2) and to maintain 
a constant electric pressure or difference of potential at their 
tenninals. Now, the series system necessitates a constant cur- 
rent, for 'every arc lamp requires a definite amount of current 
(usually about 10 amperes) to work properly, and the same 
current is sent through the whole series. In order, therefore, 
that a constant current nlay^e obtained when lamps are switched 
in or out, it is obvious by O^m’s Law [see Primer No. 8) that the 
electric pressure at tlu dynamo terminals must be varied or 
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artificial resistance added to the circuit. For instance, if 10 lamps 
each having 5 ohms resistance are in circuit, the pressure at the 
dynamo terminals must equal (10 x 5) x 10 = 500 volts if a current 
of 10 amperes is required. Suppose now that half the lamps 
are turned out, the electric pressure at the dynamo terminals 
will have to be reduced to 250 volts if the same strength of 
current is to be maintained. In the same way a eonsidemtion 
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of Ohm’s law will make it plain that if we run our lamps in 
parallel we must maintain a constant pressure at their terminals,, 
in order that each one may burn properly, obtain its full 
current. In Fig. 2, for example, 5 lamps, I, are shown connected 
in parallel to one another across the electric light mains MM,, 
which run from the terminals of the dynamo D. Neglecting, for 
the sake oof simplicity, the resistance of the mains let us 
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assume tliat /, the hot resistance of a lamp, is 200 ohms, and 
that it requires *5 ampere of current, so that r, the difference of 
potential at its terminals, equals 100 volts, which is found by 
the equation 

e=^r /, 

where c = current required by a single lamp. Now, if 5 lamps 
are alight, L, the total resistance of the lamps, = or 10 ohms^ 
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ittfl current, « Sr/ or 2^5 aAperes; Biit, m' bt€er 

tbat the' fetlrreilt may mcrease in the right proportion aa* the 
reiSi^tance' in circuit is decreased, it is obvious that e mtist remain 
CCnstant, In the first case, ivith 1 lainp alight, ‘ ' 

-5x200= 100 volts; 


^ the second caee, with 5 lamps alight, 

• <> = CxL = 2-5x — -2-6 X 40 = 100 volts. 

*£ ' ' fe"- " • ' 

If >• had faiW’to; aty, 50i««mi,'th«ii hy the.equatim 


C = l = ^=l-25 
L 40 


1-25 


we see thati'thC lamps would only be getting l_^,^or -25 amper e 

5 


each — that is to sfty, one-half their proper current. The ingenuity 
of early electric light engineers was consequent!}' devoted to 
the construction of dynamos which yielded a constant current 
at a varying pressure, while the next problem was to build a 
dynamo which would give a varying current while keeping the 
pressure, a comparatively low one, constant. This desideratum 
was obtained by the invention of compound winding, claimed by 
both Varley and Brush, and machines were soon being built 
which would allow 99 lamps out of 100 to be suddenly switched 
off, and which yet maintained the difference of potential so con- 
stant that the light of the single remaining lamp w^s scarcely 
affected at all. Incandescent lamps ntaij, of course, be run like 
arc lamps, in series, but, in that case, while we avoid the glare 
of the arc lamp, we still retain the objectionable high-pressure 
current, and there are other difficulties in the wa} of “ series ” 
incandescent lighting which need not here be detailed. 

The essentials of'a system of house-^-house lighting were now 
available in the shape of constai^t^potential dynamos, and durable 
high-resistance incandtscsent lamps arranged in parallel across the 
mains. It was, however, soon discovered that the plain parallel 
method of distribution did not permit of the current being sent 
more tjian a few hundred yards from the central lighting station. 
Again a consideration of Ohm’s Law will make the difficulty 
apparent. On p. 2 the resistance of the mains was neglected 
for simplicity’s sake, but in actual practice this cannot, of course, 

* * E 

be done. Now, by Ohm’s Law, C = - , or E = C R (where C, R and 

• R 

E represent respectively amperes, ohms and volts) — that is to 
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iiifC i8 Urga mi ift qt over tbe 

l9imps will be gtea^ ; end if tbe dymimo pressure ie 
kept thk fall of preesure will be di^erent for di^ereot 

currents — ^tbat is to say, ibe pressure at the te^ixiinals of the 
lamps will be constantly changing — in other words, they will be 
constantly flickering. An ideal case for plain parallel distribu- 
tion would be one in which the lamps were all very close to the 
dynamo, so .^at the mains being short and thick their resisj^ance 
could really be neglected; and consequently, if the* pressure at 
the terminals of the dynamo were kept the same, the pressure at 
the terminals of the lamps would be the same. What occurs in 
practice is generally something of this character. In a district 
where (say) 2,000 lamps are supplied, 500 will tap the mains at 
about every 100 yards. Now, 2,000 100>volt lamps require about 
1,000 amperes of current, and the mains necessary for this 
strength of current would have a cross-section of about one 
square inch, and have a resistance of -008 ohm per 100 yards. 
Let us suppose that all the 2,000 lamps are alight, that the same 
sized main is used throughout, and that the dynamo pressure 
remains constant at lOO volts. Now, even to the first point 
where the lamps are taken ofl’, there will be' a loss of pressure of 
volts (•008 x 2x1,000), and the loss of pressure to the last 
batch of lamps will he 15 volts. If only half the lamps are alight 
the losses will be respectively 8 and 7*5 volts. In this case all 
the lamps jre working under their proper pressure, only those 
furthest from the dynamo more so than those near it. To over- 
come this the dynamos were built to give a somewhat liigher 
pressure than was required at the lamp terminals. The remedy, 
however, was almost worse than the disease, since it resulted in 
the lamps nearest the dynamo being worked at a higher pressure 
than they could stand, w^le those at the far end of the mains 
were still imder pressure, the middle lamps alone burning pro- 
perly. The objectionable variations in th^ pressure at the lamp 
terminals, due to the variations of current, were not affected by 
this device. Now, the equation E = C R shows us that to diminish 
these troubles we must either make R small {i.e., employ very 
large mains) or diminish C (i.e., reduce the current required for a 
given number of lamps). Large mains can of course be employed 
if expense is no object ; but even the richest company would soon 
exhaust its capital in the endeavo^^ to supply a large town with 
a number of lights on the plain parallel system. To reduce the 
current required, lamps might be used capable of withstanding 
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higher predfirures ; but up to the preeeiit, about 100-volt lamps^have 
been found to be the most suitable, if the life of the lamps 4 b not 
to be undesirably shortened. By arranging our lamps, howeveTf 
as in Fig. 8, instead of as in Fig. 2, we at once halve the current 
required for a given number of lights, and double the permissible 
pressure at the dynamo terminals. By halving our current we 
are able to reduce the sectional area of mains by one half> and 
still i)nly lose the same number of volts on the way to the lamps-; 
or we can keep our mains the same size, and run our lamps at 
double the distance away. But as we have doubled our pressure 
we can afford to lose twice as many volts in the mains as beford, 
and still keep the percentage loss of pressure the same. This 
additional consideration enables us either to reduce the sectional 
area of our mains by or to go four times as far away from the 
dynamo. There are, however, two objections to this simple 
remedy. Firstly, it involves the introduction of comparatively 
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high-pressure currents into the consumers’ houses. Secondly, 
unless costly and complicated automatic devices are provided 
with each lamp, ihe failure of one means the extinction of two. 
Edison’s invention of the “ three-wire»” system, however, came 
to the rescue at this time, and electric light engineers were able 
by it to secure all the advantages without any of the disad- 
vantages of the “ multiple series ” system depicted in Fig. 8. 

• Three-Wire System. 

As will be seen by Fig. 4, this system is merely a multiple- 
series system with tlip addition of a third wire and a second 
dynamo. The introduction of the third wire prevents the failure 
of one lamp affecting any^ther ; and by taking half the lamps* off 
the pair of mains Mj M^„ and the other half off the pair Mg M,, 
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the pres'^ute the hoiteeeds the usual 100 

volts. As hi the multiple- series system, the sectional area of the 
mains may be reduced to one-foutth of that of the mains eihployed 
in tlie plain parallel system — ^that is to say, a saving in eopper of 
62*5 per cent, is effected. The one disadvantage of the three-wire 
system is the necessity for keeping the two circuits balanced. In 
order to show what results when the circuits are not balanced, 
take an extreme case, and let us suppose that all the lamps 
between and Mg are extinguished, and that all the lamps 
between Mg and Mg are alight. The dynamo will be supply- 
ing no current, and the dynamo Dg will be running on a plain 
parallel system, in which the fall of pressure along the mains 
will be intensified by the fact that the mains are not their proper 
size for a plain parallel system. In practice a tolerably good 
balance can generally be maintained by arranging the lamps on 
the two circuits in a suitable manner, ffiius in a district where 


f 

1 

I 

1 

I 


Fig. 4. 

there are shops and private residences, it would nat do to place 
all the shops on one side of the middle wire, and all the private 
residences on the other ; since after about 8 p.m. the shop lamps 
would be practically all , extinguished, while the private lamps 
would be all alight. 

In spite of its advantages over the plain parallel or two- wire 
system, the three-wire system is only applicable to rich, compact, 
thickly -populated districts, such, for instance, as the parish of St. 
James, in London, where the St. James’s and Pall Mall Company 
have for some time past been working on this method. To cope 
with large, scattered, sparsely populated areas, some other system 
is requisite ; and this want was supplied by the alternate-current 
transformer, which was first successfully used for this purpose by 
Ferranti in London, Ganz and Co.’j on the Continent, and 
Westinghouse in the United States. 
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An jEdtemate-curr^nt tranafonner is nothing more than an.ni- 
duction coil reversed Primer No. 15, on ^he Induction Coil*’)*. 
An induction coil consists merely of two coils of insulated wire 
wound one on the top of the other round a long woeden tube in 
which is placed a bun^e of hon ww. One coil consists of many 
turns of fine* wire, and the other of a few turns of thick wire ; 
they are entirely separated, electrically and mechanically, from 
one another! If now we connect a few voltaic cells to the ends of 
the thick wire coil, and rapidly vary the strength of the current 
by making and breaking the circuit, we shall induce in the fine 
wire coil currents which will be considerably smaller than that 
in the thick wire coil, but which will be at a much greater 
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electrical pressure. If we reverse this arrangement, wc reverse 
the result. Now, in the alternate-current transformer systeni the 
strength and direction of the current is made to vary with great 
rapidity by employing alternate-current dynamos — that is to say, 
dynamos which generate currents tlAt rise from nothing to 
maximum and fall fpm maximum to nothing, first in one 
direction and then in the other, about 200 times a second or 12,000 
times per minute. The primaries, Pj, Pg, P;i (Fig. 5), or fine wire 
coils of the transformers Tp T*,, T^, are connected in parallel 
across £he mains M M running from the dynamo D, and the lamps 
are connected in parallel across mains coming from the secondaries 
or thhh wire coils, Sj, S. 2 , Sg. Owing to the fact that the wires 
connected to the dynaido mains are, electrically and mechanically, 
separated from the wires connected to the consumer’s lamps, we 
are enabled to employ vci*y high pressrres indeed in the main 
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oirctdt, (invteiXit^iB. tb^firimark^ being 

transiormei into large low>][n^dsnie enmnts in th^ secondari^. 
The' employment of high-preeenre ciittetttA, a« wil! be fWto 
tribat has been said before, means StriaH condtiet^, and small 



conductors mea)a eeonoiny of Hence, whenever it is 

necessary to su|ply lamps at Jong disteimes from the central 
station, this sys^m is neoess^^ 


Battor Tra&^bniie^ 

In addition to the difficulties connected with insulation, which 
always attend high-pressure distribution of electricity, the use of 
alternate-currents precludes any idea of storage — that is to say. 


11,1 III 


Fig. 7. — Half II. of the Batteries being charged. Half 1 . disrharging on to 

the Lamps. 

'Secondary batteries {see Primer No. 7, on “ Secondary Batteries’') 
cannot be charged by alternate currents, and the continuity of the 
supply depends entirely on running machinery. A system, there- 
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Should enable mb to upein the mains the high-pressure 
currents usual an the altemate-current transformer system, and 
aScurd, besides, the element of storage, would seem to possess a 
decided advantage. Several such systems have been tried ; but 
perhaps the one which has been elaborated with the greatest care 
is that empioysd by tite Company. 

In this syst^ k sub-stations, and 

are charged da3y froin a generating ^tion. Each group is 
divided into halves, Which, by means of automatic devices, are 
successively placed k series upon the charging circuit, and then 
discharged in parallel upon the lamps (Figs. 6, 7, and 8). 

The Chelsea Company's system is, therefore, a transformer 
system in which continuous currents are employed, and the 
secondary batteries perform the double function oi transformers 



and reservoirs of electricity.” The chief objection urged against 
this method is the heavy first cost of the batteries and the 
complicated automatic devices which are necessary. On the other 
hand, when once* installed the syste^ is fairly economical; it 
possesses the element of storag;pf and it is practically impossible 
for the high-pressure charging current to get into the lamps, 
which IS by no means the case with the alternate- current trans- 
former system. 

We have in the foregoing merely given the outlines of the 
principal systems of electrical distribution ; and we must refer 
those who wish to obtain a more detailed knowledge of the 
subject to the technical papers and other similar sources of 
information. * 
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ELECTRO-CHEMISTRY 

* (INORQANIC). 

! Br GEORGE GORE, LL.D., F.R.S. 
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j n'HIS book contains, In systematic onler, the chief principles 
^ and facts of Electro-Chemistry, and Js Intended to supply to 
the student of Electro-Plating or Electro-Metallurgy a scientific 
basis upon which to build the additional practical knowledge 

^ and ex|)erience of his trade 




The “ Electrician ” Primers. — ^No. 35. 


THE ELECTRIC TRANSMISSION OF ENERGY. 


Energy, or the power to do work, can be transmitted from 
one place to another in a variety of ways. We receive an enor- 
mous amount of energy from the sun every day, which is trans- 
mitted by radiation ; the conduction of heat through the bottom 
of a kettle to the water inside is an example of transmission over 
short distances, whilst the steam passing from a boiler to a 
steam-engine carries with it the energy it has derived from the 
coal burnt in the furnace. Again, we are all familiar with the 
common methods of transmitting energy in workshops and 
factories by means of shafting, and belts, bands, or ropes. 

When the source of energy is situated at a considerable dis- 
tance from the place where the work is to be done, it becomes 
important to consider which of the known methods of^ransmis- 
sion is most economical and convenient. These methods are 
four in number : — 

1st. By moving ropes Cable transmission. 

2nd. ,, compressed or rarefied air... Pneumatic ,, 

8rd. ,, water under pressure IJydraulic ,, 

4th. ,, electricity Electric ,, 

• 

Each method has its advantages and disadvantages, and circum- 
stances attending each particular case determine which it is best 
to use. For example, rapidly-moving wire ropes are very con- 
venient and economical over moderate distances where the inter- 
vening country admits of the erection of supporting pulleys ; whilst 
pneumatic transmission stands almost unrivalled for tunnelling 
operations, owing to the* air used to drive the machinery serving 
also to cool and ventilate the workings. Again, hydraulic 
transmission is found most convenient in distributing power Jo 
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cranes, &c., in docks, and for opening dock-gates. It remained, 
howevei , for electricity to render transmission over distances of 
many miles practicable; and it is this method. that we have now 
to consider. 

The electric telegraph is perhaps the most common example 
of electric transmission. The current sent into, the line at one 
end actuates the receiving instruments at the other, these pro- 
ducing mechanical movements. The telephone presents another 
example. The voice imparts a vibratory motion tfo the 
diaphragm of the transmitter ; this motion causes fluctuating 
electric currents to pass along the line, and these currents 
produce a motion similar to the original one, in the diaphragm 
of the receiver. In each of these cases the power transmitted 
is very small, rarely amounting to one- thousandth of a horse- 
power. 

The distribution of electricity for lighting purposes affords 
another instance of electrical transmission of energy ; but in this 
case none of the electrical energy is re-converted into mechanical 
energy, but is all dissipated as heat and light. Cases, however, 
free] uently occur in which electric motors are driven from lighting 
circuits ; and this is an illustration of the particular case of trans- 
mission which it is the object of this Primer to deal with — viz., 
where a quantity of mechanical energy produced at one place is 
to be used as mechanical energy at a distant place. 

The ti‘a ns mission may be effected either by continuous or by 
alternating currents, but for simplicity we will assume the 
current to be continuous. To effect the transmission electrically, 
three things are required : — 

1st. A dynamo. 

2nd. A conductor or line. 

8rd. ♦A.n electric motor. 

i 

Of these, the dynamo changes the initial mechanical energy into 
electric energy, the conductor conveys or, more accurately speaking, 
directs this energy to the motor, and the motor re-converts the 
electric into mechanical energy. The combination is illustrated 
diagrammatically in Fig. 1. Part of the energy is wasted in each 
of the three stages, and we will now consider the conditions 
necessary for keeping the loss small. 

The rate at which electrical energy is transmitted depends 
on the product of the strength of the current and the electric 
pressure, whilst the losses in the seiveral stages are represented by 
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the ptoducts of the square of the current, and the resistance of 
the respective parts. 

To put the matter in symbols we may say : — 

Power transmitted = V A'i Where V® pressure, A^cur- 

,, wasted in dynamo = k^d I rent, and d, I, and m are the 
,, ,, line ... == AH j resistances of dynamo, line 

,, motor.. =? Ahnj and motor respectively. 

If we no^f suppose that the power to be transmitted is given, 
then the product V A is fixed, but we may make up that product 
either by ha'S’ing V small and A large, or V large and A small, 
or having them both moderately large. Whether A be large or 
small, the losses in the dynamo and motor are not much 
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Fig. 1. 



affected, because, for a given power, the resistance is greater the 
smaller the current they work with, and consequently it is to the 
loss in the line or conductor that we must direct most careful 
attention. Now, this loss depends on the square of the current 
and the resistance of the line, and can be made small by either 
making A small or I small, or botli. To make / small, however, 
means that a thick conductor mu^t be used, and hence the cost 
of the conductor will be great ; it is therefore to the use of a 
small current that we must look for economical transmission. 

In or^er to transmit a considerable power by means of a 
small current, a high pressure must be used, and under these cir- 
cumstances the losses in the line may be made small ; hence 
arises the well-known economy of high-pressure transmission. 
As ail example, suppose we have to transmit 10,000 watts* 

* For the meaning of a icatt, see Primer No. 10, on ** Electrical Units,**^ 
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about 18 horse-power) through a line whose resistance is a 
tenth of an ohm. This may be done by a current of IGOampereii 
at a pressure of 100 volts, or by a current of 10 amperes at a 
pressure of 1,000 volts. In the first case the loss in the line 
would be (A® f) = 100 x 100 x = 1,000 watts; in the second 
case this loss would amount to lOxlOx^V®!^ watts. Thus 
the loss in the latter case is only one-hundredth that in the 
former. 



Fig. 2. — Crompton Electric Crane. 


From the above it might he imagined that the greatest 
economy would result from the use of enormously high pressures 
and very weak currents ; but such is not the case, for the in- 
creased difficulties in constructing very high-pressure machines, 
and the losses arising from leakage (which were neglected in 
the above argument) tend to counterbalance the advantage 
gained by diminishing the loss due to heating the line. Hence 
the values usually given to the pressure and the current when a 
given number of horse-powers are to be transmitted are a 
inean between what is theoretically best and what is practically 
possible. 


266 




5 


The ease with which energy can be transmitted electrioaDy 
rend^ available the power of waterfalls situated at considerable 
distances from centres of industry, and the fact that the samb 
ag^cy can be used both for driving machinery and for artificial 
lighting is an advantage not to be despis^. Further, the 
facility with which the electric current can be subdivided renders 
it easy to supply various manufactories with power from one 



Fig. S.—liovran’s Portable Self-FiiUDg Electro-Magnetic Drilling Machine. 


source. The same principle of subdivision may be further 
developed in each factory by driving each machine, or groups of 
machines, from a separate motor. In this way the chances of ,*v 
complete break down may be reduced to a minimum. At Broom- 
hill, near Tunbridge, Sir David Salomons has a workshop in which 
each machine is driven Ijy a separate motor, thus dispensing with 
all the usual shafting. Electric transmission is also applied 
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suooessfally to the working of cranes, pumps, railways, and tram- 
ways, and to the drilling and rivetting operations which occur in 
boilermaking^d shipbuilding. 






Fig. 8 illustrates Bowan’s Self-fixing Etectro-Maguetiq Drill. 
In this apparatus the electric current makes the parts H M (hold- 
ing magnet) into an electro-magnet, which holds the machine on 
the iron or steel plate whilst the drilling proceeds. The electro- 
motor E M is seen at the right of the figure ; whilst the drill spindle 
D S, feed gear F G, and the drill socket 8 Dr, are shown to the 
left. The parts G G represent guides, along which the drill head 
can be traversed in a direction perpendicular to the plane of the 



Fig. 6.— Crocker- Wheeler Pumping Plant. 


paper by means of the traversing shaft T Sh. Of the remaining 
letters, M F indicates the machine frame, M S the motor sole 
plate, and D G the drill gearing. By such a tool nearly all hand- 
drilling, with its attendant expense, may be avoided, for the 
flexibility of the conducting wires permits the machine to be 
placed in any position, > 

Within the last few years electric transmission has been suc- 
cessfully applied to minings, both for hauling, pumping, and coal- 
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Cutting. Fig. 4 illustrates one type of motor, made for hauling 
purposes, by Messrs. Immiscli & Co., whilst Fig. 5 shows ‘ a 
dynamo used in their electric pumping plants. Fig. 6 shows a 
combined motor and pump, adapted for small powers, made by the 
Crocker- Wheeler Company, U.S.A. 

Long-distance transmission has made considerable progress in 
Switzerland, Italy, and America, where water-power is abundant. 
One of the most notable instances occurs at Solothurn, in which 
50 horse-power is transmitted five miles with an efficiency of over 
70 per cent. The dynamo used in this installation is shown in 
Fig. 7, and two such machines joined in series (each giving 
1,000 to 1,500 volts) are employed. Many larger transmission 



Fig. 7 — Brown’s Dynamo for Transmission of Energy (Oerlikon Works). 


plants have been installed by the same firm, one of which works 
at 600 horse-power. FoiV) transmitting large powers over^long 
distances alternating currents (ses Primer No. 16) will probably 
be employed in future on a^ccount of the Comparative ease with 
which, by the aid of transformers, high pressure can be obtained. 

The water-power which runs to waste in the various countries 
of the earth far exceeds the power of all the steam-engines* in the 
world. We may confidently look to electric transmission to 
enable us to apply at least a fraction of this wasted energy to 
useful purposes. , ^ 

For further information on this subject see ^ 

“ The Electric Transmission of Energy.’^ By Gisbert Kapp.^ - 
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ELECTRIC TRACTION. 

Electeic traction, or the propulsion of vehicles by electricity, 
although invented more than half a century ago, has only within 
the last five years assumed commercial importance. Now, how- 
ever, it bids fair to become one of the most useful applications of 
electricity. 

In all cases of electric traction the propelling power is fur- 
nished by one or more electric motors attached to the vehicle 
propelled. These motors are supplied with current either from 
a battery carried by the vehicle itself, or from electric conductors 
following the track along which the v^icle is to pass. In either 
case a dynamo driven by a steam engine, water wheel, or other 
prime motor, is the source from which the electric energy is 
derived. In the former, the energy is stored in a secondary 
battery before being supplied to the motor, whilst A the latter, 
it passes direct from the dynamo through the conductors to the 
motor. The conductors may be either overhead, underground, 
or in any intermediate position; and it is chiefly the arrange- 
ment of these conductors that constitutes the difference between 
the various systems. 

In vehicles which follow no.fixed*track, such as omnibuses, 
tricycles, &b,, the storage battei^ system is practically the only one 
available. Fig. 1 shows a dog cart and Fig. 2 a tram car propelled 
electrically from storage batteries placed below the seats. This 
system has many advantages, even for railway and tramway work ; 
for each vehicle is quite independent of the rest, and no change is 
required in the existing lines. Further, no unsightly overhead 
wires are needed ; neither are underground mains necessary, with 
their objectionable slots through which the current is usually 
collected. The weight of the batteries and their comparatively 
short life are, however, serious drawbacks at present. 
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Perhaps the simplest conductor systems are those in which 
the rails themselves act as the conducting wires. The Brighton 
Electric Railway was operated in this way, one rail serving as 
the going and the other asHhe return conductor, the current ‘ 



passing from one rail to the other through the wheels and motor. 
Another e^mple occurs in the telpher Ijne at Glynde, illustrated 
in Fig 8. Here the trucks hang from overhead lines. Each 
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fide^s^fided into sections, as shown (Eagrammatically in Pig. 4, 
wUicb are connected alternately with the + (positive) and the 



ittk 3«^**^olpli6r Jiino 


- (negative) terminals qf the d 3 niamo D. The train is longer 
than a section, and the current is collected by the wheels, L, T, of 
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tiUcks situated a section’s length apart, so wb^n <iile collect- 
ing wheel is on a positWe rail the other is on a negative rail* 

In most other conductor systems the rails and earth serve 
the purpose of a return wire. Sometimes, however, as, for 
example, in the Daft Railway, Cincinnati, Ohio, two separate 

'y y ^ y ^ 

T, ym L, 

Fig. 4. — Diagram ahowing CcoaaeetkmB of Tolpbar Xiina 

metallio conductors insulated from earth are ^|d<yyed« Mr. 
Daft has also used the rails aa return, and collected his cnrren ^ 
from an insulated rail placed between the ordinary rails. A 
similar method is adopted on the City and South London Railway, 




Fig. 5. — Southend Fier 


and on the Southend Pier Tramway, iUnstri^ed in Kg. 5 ; but in 
the latter case the insulated conductor consists of a bare copper 
strip supported on insulators. • 

The Overhead conductor system is one which has up to 
the proseot made the greatest progress. One arrangement is 
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ihximnmFig:^ 6, where the cars drag a shder along the conductor. 
The ofirrent passes from the conductor through the slider and 
conoectiiig cal^ to the motor, and returns by the rails and earth. 



In an improved method^of collecting from overhead conductors a 
wheel carried by a kmd of fishing rod, attached to the top of the 
oar, presses ag^st the underside of the line. This, in addition 
to ensuring a good flexible contact, helps to support the conductor, 
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In underground or conduit systems it is much more difficult 
to maintain good insulation, and at the same time secure good 
electric contact between the stationary conductors and the moving 
collectors. The troubles arise chiefly from the dirt and moisture 
which find their way through the slot in the roadway usually 
employed. Here, as in almost all electrical works, dirt and 
moisture act prejudicially in two distinct ways ; for where con- 
duction is required their presence spoils contact, whilst w^ere 



insulation is wanted they cause leakage. In traction work, 
however, the insulation difficulty is the most serious. A section 
of a conduit used on the Blackpool Tramway is shown in 7, 
and represents one of the first commercially successful systems 
adopted in this country. In this system the conductors are 
formed of semi-circular copper tubes, ckrried from insulat(m3 
E, and the collector slides between th^. The current returns 
by the rails. 
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i)ikm systems use flexible coi^fluetors resting on Arms pro- 
jecting from insulators placed at intervals along &e oondmt« 
The conductor passes through a groove in, or over a pulley carried 
by, the colleeting arm or plough, and the connection is main- 
tained by the weight of the conductor, as in the fishing rod 
collector described on page 5. 

The above methods necessitate a slot, or groove, in the road- 
•way; jnd this is very objectionable on roads traversed by narrow- 
wheeled vehicles such as velocipedes. To overcome this defect 
various devices have been tried, chief among which may be 
mentioned the plan of dividing one of the ordinary rails, or an 
extra one, into sections not electrically connected together, and 
causing the section over which the car is passing to be put in 
electrical connection with a buried insulated conductor. The 
required connection may be made either by contact switches 
cperated by the main current, or by the attraction exerted by 



Fig. 8. — Magnetic Collettor of the Lineff Electric Tramv^y. 

electro-magnets carried by the car. An example of the latter 
-arrangement occurs in the Lineff Electric Tramway. Here a 
strip of galvanised ‘iron rests on two copper conductors, which 
in their turn rest on the bottom of a channel, the top of which 
is covered by the bases of two iron rails as shown in Fig. 8. 
Both these rails are in short Jengtfls, fairly well insulated 
irom each other by bqjng embedded in asphalte (shown white). 
Two wheels, forming the poles of an electro-magnet carried by 
4ihe oar, roll on the top of the beaded rail ; this magnetises both 
the rails, and causes them to attract the iron strip, thus putting 
the wheels of the magnet in metallic connection with the buried 
oonduotor. The current then passes through these wheels to the 
motor and returns by the ordinary rails. 

In traction work, juSt as* in lighting, the distribution of current 
may be on either the }mrq^lel or on the mies system. In the 
iormer case an approximately constant pressure is maintaiuied 
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Jbetween the going and return conductors, whilst in the ISitter a 
jsonstant current is required. When the noptors are supplied on 
the parallel system the' total current required varies as the 
number of cars actuated, and may beooine very large on a 
crowded line^ Hence arises a necessity for heavy and costly 
conductors, for difficulties of insulation render it undesirable ta 
use very high pressure, since the leakage is the same whether 
one or many oars we being supplied. The series system, how- 
ever, can be worked by a smaller conductor, for the*eun?en^i it has 
to carry is only that required for a single car. In this case the 
pressure varies as the number of cars, tiie variation being effected 
automatically by the dynamo, and is only great when many cars 
are in use simultaneously. Most lines erected up to the present 
time ave worked on the parallel system, but a notable exception 
was a small experimental line at Northfleet. 

A diagram illustrating this series system is shown in Fig. 9* 
Here the rails are not used to convey any current. A well- 
insulated conductor or line (3) runs from the dynamo to the 



extremity of the tramway, and the other conductor is made of 
short pieces of underground cable (1) connected in series by spring 
contact-pieces (2) called “ spring- jacks.” Each car carries a 
collector a, which opens the- spring-jacks as shown, and thus 
completes the circuit through the motor on the car. 

Having briefly indica^ the methods of supplying electricity 
to the motors, we must now refe/ to the motors themselves and to 
•the means employed for transmitting thei motion of the armature 
to the wheels of the car. 

It is customary ' to use series -wound motors for traction 
purposes* This arises from the fact that a much greate/ effort is 
required to start a vehicle than to keep it moving at a uniform 
speed ; twice* the necessity of employing a motot which exerts a 
large turning moment when running below its normal speed. A 
Series iCiotor supplied either from ^storage batteries or from 
•constant*pressui*e mains admirably fijlflls this condition. On the 
•constant-current system the effort is varied by shunting the field- 
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magnets, and thereby causing more or less of the current to pass- 
round them as required. 

Motors specictUy designed for traction purposes are shown in 
Fig, 10, mounted on a car truck. It will be noticed that the axles- 



j Flo. 12.— lleckeuzaun’s Traction Motor. 

disposition prevents the sudden jerk, which occurs to the armature 
when the current is switched on, beifig transmitted to the body 
of the car, and at the same time keeps the gearing in correct 
relative positions. 


270 


(l )/ 

^ig. 11 sbows ^ type of motor made by the General Electria^ 
Power and Traction Company used on the Barking-road section 
of the North Metropolitan Tramway Company’s lines, and Fig* 12 
illustrates a recent form of Beckenzaun’s traction motor* The 
General Electric Power and Traction Company have now aban- 
doned the two pairs of metal h^^nshes shown in Fig* 11, and use 
a single pair of carbon blocl^s pressed perpendicularly on the 
commutator. The use of carbon brushes has become almost 
uni ver sill in traction work. 

The motion of the armature is transmitted to the wheels of 
the vehicle in various ways ; and since the armature ordinarily 



Fig. 13. — Goolden k Cu.’s Launch Motor, with Waterproof Armature. 


revolves very rapidly, some speed-i^duciAg gearing is necessary*. 
As seen in Fig. 10, Mr. Spragde uses ordinary spur wheels,, 
whilst the General Electric Power and Traction Company 
usually employ chain -gearing, such as is used for tricycles and 
safety bicycles. The Electric Construction Corporation some- 
times use*helical wheels, whilst worm-gearing has been recently 
adopted both by Mr. Holroyd Smith and Mr. Reckenzaun. 

All these various types of gearing waste part of the power 
generated by the motor, and consequently make electric traction 
less economical. ' An efficient slow-speed motor whose armature 
could be fixed directly to the axle of a tramcar is much needed. 
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Such a machine would greatly simplify electric tramway traction. 
Dr. Louis Duncan, in America, heis recently invented a motor of 
this type ; and Messrs. Mather and Platt have constructed electric 
locomotives for the City and South London Railway in which the 
above-mentioned requirement is carried out. These locomotives 
are, however, of large power (about 100 horse-power), and run at 
greater speeds than those allowable on ordinary tramways. 

In the applicaticm of electricity to the propulsion of boats and 
launches the storage battery system seems to be the-only pl^ctical 
method available ; and this has received considerable develop- 
ment. Screw propellers of small pitch are used, and the armature 
of the driving motor is coupled direct to the propeller shaft. As 
such motors are liable to be occasionally immersed, devices for 
making the machine waterproof are necessary. Fig. 18 shows a 
motor with waterproof armature, designed by Messrs. Goolden 
and Co. for electric launcl^ work. 
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ELECTRO-DEPOSITION. 


Prom the Primers on the “ Effects of an Electric Current ” 
(No. 1), and on “ Electrolysis” (No. 6), you will have learnt that 
among the most important of these effects is the power a current 
has to cause cliemical changes in certain bodies through which it 
passes. 

There are two chief methods by means of which metals may 
be deposited. The first is by simply immersing the metal to be 
ooated in a solution of a suitable salt of the one to be deposited. 
A good example of this method is the well-known way of coating 
iron with copper by immersing it in a solution of copper sulphate, 
or of coating with mercury any metal that will amalgamate, by 
dipping it in a solution of mercury nitrate. The second method 
is of much greater importance, as the majority of #commercial 
processes by which metals are deposited are dependent on it. 
This is the method of depositing by an electric current, or, in 
other words, by electrolysing a solution of some salt of the metal 
employed, using as anode a plate of the metal to be deposited, 
and as cathode the body which is to be coated. When we use 
this method it is found that the cjjiaracter of the deposited 
metal varies with every chai\g^ in the circumstances of the 
deposition, e.g,, it varies with : — 

(1) The number of amperes per square inch of depositing 
surface, ^.e., “the current density.” 

(2) , The state of the anode. 

(8) The area of the anode compared with that of cathode. 

(4) The strength of the depositing solution. 

(6) The presence of o^ier substances in the solution and the 
anode. 

The variations with current density are especially important. 
A deposit may be po\vdery, crystalline, or what is termed 
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“ reguline”; the latter is a coherent amorphous deposit, capable 
of being burnished. With high current-densities we get Sr 
powdery deposit which does not stick on the plate at all ; with 
low current-densities we get a crystalline deposit, or, in some 
cases, merely the formation of a ‘‘sub-salt” on the cathode; 
with a certain medium current-density we get a reguline deposit. 
The manner in which the deposit varies with the other factors 
will be best considered under the various metals as ij occurs. 

Copper. — For coppering simple articles of iron, <fcc., it is merely 
necessary to dip the article in a solijtion of copper sulphate, when 
some of the iron displaces the copper in the copper sulphate, and 
the copper is deposited on the iron. This is only used to give u 
very thin coat of the metal. If a thicker one is required the 
article is placed in a bath of copper sulphate, usually contained 
in a wooden vessel, and a current passed through the solution by 
means of a copper electrode. In this way a coating of any desired 
thickness is obtained. The most important application is elec- 
trotyping, which is largely used to mifltiply wood blocks, &c. 
The method used is as follows : — The article it is wished to copy, 
for example, a page of type or a wood block, has a mould taken 
of it in gutta-percha, plaster of Paris, or other suitable material, 
and it is required to coat this with copper. To this end the 
surface must be made conducting, and this is done by brushing 
carefully 6ver the surface some plumbago or blacklead, or else 
some of the substance called “bronze powder.” This mould is 
pre\iously connected to a copper wire, and used as the cathode 
in the manner above mentioned, with the result that a perfectly 
even and close-fitting deposit of copper is got on it, which is an 
exact replica of the original woodblock, and is, at the same time, 
far more durable. This ek ctrotype is then backed with melted type 
metal and mounted on wood, and used instead of the original. 

In actual practice many precautions have to be adopted, such 
as to take very great care that the plumbago is of good conducting 
quality, and is perfectly uniformly distributed over the mould. 
The contact of the conducting wires must be also good, and all 
ordinary precautions as to proper current density, &c., must 'be 
taken. 

• ' One form of this process is its application to the reproduction 
of statuettes and other small works of art. Medals and coins 
*ean be easily reproduced in the same way as the woodcuts last 
considered by means of gutta-percha nxoulds ; but statuettes and 
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other objects with undercut surface? require a modified process# 
Some elastic composition is taken, sudi as a mixture of glue and 
treacle, in suitable proportiCns ; the statuette is placed in a vessel, 
and the melted composition poured^ over it. After setting, the 
mould is cut along a predetermined line right down to the 
statuette, and the mould being then held open the former drops 
out. It is now necessary to render the inside conducting, arid 
this teannot^ be done by blackleading owing to the difficulty of 
getting at it. The difficulty is overcome by chemically obtaining 
a coating of reduced silver or gold on it, usually by reducing 
silver from its nitrate by means of phosphorus. Tlie connecting 
wires being duly fixed, all is ready for deposition. 

Another important application is the manufacture of pure 
copper from ordinary commercial copper. Commercial copper 
contains iron, arsenic, silicon, and other impurities, but by 
electrolysing a solution of copper sulphate, and using the impure 
copper as the cathode, almost the whole of the impurities are 
either left in the anode, or deposited as mud. l^y this means 
it is possible to get very pure copper indeed. 

Silver. — To silver very small articles, such as brooches, &c.,. 
it is only necessary to dip them in a thick liquid formed of equal 
parts of silver chloride and potassium bitrate, made up with water, 
Dut all the more important cases of silver plating are done by 
means of an electric current. Long experience hasfsliown that 
the best substance to use for silver-plating is the double cyanide 
of potassium and silver, dissolved in water. There are two 
methods of forming this, one purely chemical and tl^e other 
electrical. In the first case pure nitrate of silver is taken, and 
its solution precipitated as cyanide of silver *by adding potassium 
cyanide till precipitation just ceases. ^This is dissolved ip. excess 
of potassium cyanide, and dilujidd down with water till the solu- 
tion contains from <me to two ounces of metallic silver per 
gallon. 

The other method consists in electrolysing potassium cyanide 
with silver electrode when the silver is dissolved ; this is con- 
tinued till, on the immersion of a German-silver or other base 
electrode, the latter becomes properly coated. In whichever way 
the silver bath is prepar^, it is run into iron tanks containing 
from 100 to 200 gallons. 

Bestiilg on the edges ^f these tanks, but insulated from them 
and from each other, are two rectangular brass frames eachi pro- 
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vided with cross pieces of brass resting on them (Fig, 1). One of 
these rectangles is made of thicker metal than the othei% and 
consequently they do not become metallically connected one 
with another by these cross pieces. To each rectangle is soldered 
a large binding screw by which the current is conveyed to the 
tank and led away. On one set of cross pieces are hung the 
articles to be plated by means of hooks made of copper wire» 
which are well insulated as close up to the article as possible to 
prevent needless deposition ; good contact is essential, and in 
some cases the suspending wires are soldered to the article. To 
the other sets of cross pieces are attached plates of silver, and as 
fast as the article is coated, the plates are dissolved. Great care 
is necessary to keep the contacts between the rectangles and 
these cross pieces very clean by means of scouring with emery 



cloth. There is a tendency for the liquid to become weaker in silver 
at the top, and, as this would cause a bad and uneven deposit, 
to prevent this the solutions are stirred every day, and in some 
large plating works the v<hole frame which carries the things 
to be plated is kept in slow but continuous rocking motion 
by steam power. Great care must be taken that all articles 
placed in the bath must be scrupulously clean. If they are at 
all greasy they are treated with caustic potash, and then washed 
with clean water. Any dirt is removed by scratch blushes, 
which are little bundles of brass wires set up in rotating frames, 
and held against the articles to be cleaned (Fig. 2). 

Besides copper and brass, the alloyo called pewter, German- 
silver and Britannia metal are much used. For some of these 
the simple immersion in caustic potash and then rinsing pre- 
pares for deposition, but brass, copper and others require to be 
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dipped,” t.d., placed in various strengths of nitric acid.^Here^ 
as in all processes of this nature, much depends on the nature of 
the liquid used, as it is possible to get various sorts of surfece by 
dipping in various manners ; this is only gained by practical 
experience. 

If you deposit silver from a bath of this description, you vnll 
find it is dull in surface, and requires to be burnished ; but by 
adding a certain proportion of ether and carbon disulphide to the 
plating baths it is possible to cause the metal to be deposited with 
a bright surface. These bright solutions are much more difficult 
to set up and manage than are the ordinary ones, and are easily 
spoiled. 



Fig. 2. 


If it is required to silver the inside of any vessel only, it i^ 
filled with the solution and a pl^te of silver is suspended inside, 
the outside of the jug being used as one terminal. 

Qold. — Gilding is almost entirely done by the electrolysis 
method. The best solution to employ is (as in the case of silver) 
the doi>ble cyanide of gold and potassium, which is formed in the 
same way as that of silver. Fulminate of gold also forms a very 
good plating liquid, but is highly explosive in the dry stat^^ 
Gilding is best done* fr®m warm solutions, and the coating 
adheres best by first quieting” the surfeuse of the. article by 
coating it with mercury. • This is usually done by putting it in a 
solution of mercury nitrate. If we wish to gild cold, it is better 
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to , copper the surface first before quicking. The amount of gold 
varies greatly in different works, being anything between lOdwt. 
and fiOoz. per gallon. The colour of the deposited metal can be 
varied in several ways ; the paleness or depth of tint can be 
regulated by immersing the cathode to different depths. If we 
want the gold to have a green tint, the cathode has some silver 
put in it ; copper has the effect of giving a red-coloured gold, 
and both together give a whitish deposit. These facts arertaken 
advantage of to produce patterns in gilding ; the part which is 
required to be of any particular tint is left exposed, while the rest 
is varnished over, and thus protected from action. 

NickeL — Of late years nickel-plating has come into promin- 
•ence. Deposited nickel is unrustable, and is exceedingly hard 
and durable, so hard it cannot be burnished, and it also has a very 
good silvery lustre. Its deposition is not quite so easy as the 
«ibove -mentioned metals, the best salt being the double sulphate 
of nickel and ammonia. The cathode, as usual, is of metallic 
nickel, which is usually contained in a gauze holder. Owing to 
the excessive hardness of nickel its deposits are far more durable 
than silver ones of equal thickness. 


Source of Current. 

In all' the methods for depositing by electric currents the 
source of the current is usually, now-a-days, a dynamo. As in 
all cases, the back electromotive force of polarisation is not very 
great, and the current required is very big, these machines are 
designed to give very large currents at low potentials ; thus a 
plating-dynamo would give from 300 to 1,500 amperes at a 
pressure of from five to nine volts, according to the circumstances 
of the case. Before the invention of dynamos, large batteries or 
thermopiles had to be kept continually at work, and were much 
more costly and troublesome. 


The following books may be recommended to those wishing to obtain 
further information on this subject : — 

“ The Art of Electro- Metallurgy.'* By G. Gore. 

Electro-Deposition.” By Alexander Watt. 
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ELECTRIC WELDING. 

Welding, or the art of forcing two pieces of metal into 
intimate union by means of heat and pressure, has, up to the 
present time, been a somewhat cumbersome process, requiring 
considei*able skill of hand* and eye. In order that welding may 
be well done it is desirable, firstly, that the pieces of metal to be 
united should be heated in a uniform manner throughout their 
entire section ; secondly, that the heat should be easily and 
quickly regulated ; thirdly, that there should be inspection of the 
weld during the process ; and, fourthly, that the process should 
be a clean one. Hitherto, whenever welding has had to be 
carried out, the heating has been done in a smith’s fire, involving 
dirt, irregular heating, difficulty of inspection and dyficulty of 
regulation. It is, therefore, by no means surprising that with 
the old methods the weldable metals were very few, platinum 
and certain kinds of iron and steel being in fact the only ones 
which would weld in a satisfactory manner. By the use of tho 
electric current all this has been altered ; ^ot only can the 
ordinary welds be effected considerably quicker and somewhat 
cheaper, but it has been found possibl^to effect others hitherto 
deemed impossible. ^ 

Readers of these Primers will have learnt that when 
electricity flows through a conductor it is heated, the amount of 
heat evolved depending upon the resistance of the conductor 
and the • strength of the current. Thus, if W = power in 
watts,* C = current in amperes, and R = resistance in ohms, 
we have the simple equation W = C^R for the amount of 
energy wasted when a*cufrent C flows through a conductor 
of resistance R. It is easy to see by this equation that in 

* 1 watt = horse power =« *75 foot lb per second. 

'7/lA 
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order to obtain a considerable heating effect by the aid of 
electricity it is only necessary to send a large current through a 
conductor of high resistance. Now, the resistance of even the 
best conducting metals is relatively high at a loose joint : and the 
specific resistance of the two metals most concerned in welding 
operations, namely, iron and steel, is also very great, being about 
six times that of pure copper. These fundamental facts have, of 
course, been long known, but it is only recently that the yjea of 
putting electricity to such an obvious commercial use occurred 
to anyone. Some twelve years ago Prof. Elihu Thomson, 
while engaged in some experiments with induction coils, 
discharged a Leyden jar through the fine- wire coils, with tlie 
result that this small high-pressure current was transformed into 



Fjo. 1. 


a large low-presaure current, and the ends of the thick-wire coils 
were welded together. Welding by electricity is practically the 
outcome of this accidental weld. 

Before, however, describing the Thomson process of “incan- 
descent” electric welding, it would perhaps be as well to say a 
few words about the Benardos or “ arc ” process. In this 
method, the two pieces of metal MM (Fig. 1) to bo welded 
.are placed end to end and connected to one pole of a large 
storage battery, B. To the other pole of the battery is connected 
a thick carbon rod, C. The end oi tl^e carbon rod is held in 
the hand against the joint at right angles to the metal bars. 
On closing the switch 8 there is ali enormous rush of current. 
The carbon is now pulled away from the joint and an arc is 
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started in the same manner as in an ordinary arc lapip. 
The intense heat of .the arc results in the two pieces of 
metal being welded, or rather fused together. The “are” 
system of electric welding has r^eived considerable elabora- 
tion at the hands of Mr. C. L. Coffin, of America, amongst 
whose many ingenious contrivances, perhaps the most interest- 
ing, is the practical application of the phenomenon of the 
^‘mj^net blow-pipe.” When a magnet or electro-magnet is 
brought near the electric arc, the flame is directed in the manner 
shown in Fig. 2. Mr, Coffin places two carbon rods above and 
close to the ends of the pieces of metal to be welded. Above the 
two carbon rods he places a powerful electro-magnet ; the flame 



Fig. 2. 

of the arc therefore, instead of playing straight between the two 
carbon points, is directed immediately on to ihe ends of the pieces 
to be welded. The “ arc ” process is obviously somewhat dirty, 
and has, moreover, the additional disadvantages of being very 
trying to the eyes and of increasing the risk of humimf the metal. 

In the Thomson process the alternating current is now gene- 
rally employed. For light work. the current is frequently obtained 
direct -from the dynamo, but for heavy work a transformer is 
used. In Fig. 3 is -shown 8C self-contained plant for welding 
iron rods up to J inch diameter, comprising a small dynamo 
and a bench for the clSfinpe, &c. The two rods to be welded 
are placed end to end in the clamps, as shown in the figure. 
One of these clamps is capable of movement to and fro by means 
©f a screw, the other being fixed* On closing a switch the circuit 
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of the dynamo is coi?apletej4 tl^'ough the two rods. The circMit 
b^ing one of very low resistance, there is an enormous rush pf 
current, which develops great heat, especially at the joint, where 
the resistance is highest ; and in a few seconds this heat, com* 
bined with the end pressure applied by means of the screw 
referred io above, effects a weld, and the current is cut off. The 
welding plant for the heaviest work consists of an alternate- 
current machine capable of developing a maximum current of 
about 100 amperes at a pressure of 300 volts, a special*' type 



Fioi 

(rf transformer, in the secondary of which several thousand 
amperes at a pressure of one or two volts are generated, and 
a welder. The core of the transformer is built up of th^n iron 
plates in the usual way (^ee Primer No. 28, on “ Transfor- 
mers”), and is wound with a primary coil consisting of 17 turns 
pf large stranded wire. The sesondayy, however, has only a 
single turn, and consists of a thick copper tube inches in 
diameter, which passes through the centre of the core and is 
bolted at either end to massive copper plates. The fixed cJwp 
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of the welder is attached to one of these plates, and the movable 
clamp is connected to the other. The welder is merely a repro- 
duction on a larger scale of those used for lighter worL As an 
additional precaution against heating, the clamps or vices ai’e 
surrounded with a water jacket, through which a stream of cold 
water is kept constantly flowing if the work is continued for 
long together. 

Jt will now be interesting to note how thoroughly the use of 
the electric current as the heating agency fulfils the four 
4Jesider((t<t mentioned in the first paragraph. The first requisite, 
that the heating should be uniform, is attained in a perfectly 
automatic way, owing to the fact that the current avoids the 
hottest and seeks the coolest portions of a weld, by reason of 
the higher resistance of the former ; the result being an almost 
exactly unifomi heating. The heating effect depends entirely on 
the current, the strength of which can be regulated to a nicety 
by merely turning a switch. During the whole process the 
weld is only a few inches away from the operator, so that he is 
able at all times to thoroughly watch it. The cleanliness of the 
electrical process, when compared with the old method of heating 
in a huge coal fire, is so obvious as to need no comment. 

Taking into consideration only the welding of iron and steel, 
the electrical process has been found to be slightly cheaper than 
the old smith’s process ; it is about 5Q per cent, quicker ; and the 
welds are somewhat stronger, over 90 per cent, ofkhe original 
tensile strength being retiuned, as against, at the wst, 85 per 
cent, by the old methods. But the superiority orthe electrical 
process is, perhaps^ best seen in its performance of what may be 
termed extraordinary welds. Thus, aluminium, which it has 
hitherto been impossible to weld, and dilftcult even to solder, 
can, by means of electricity, be gasily welded. Among the 
metals that have been successfully welded are zinc, tin, nickel, 
manganese, cobalt, bismuth and antimony. As an example of 
what can be done by electricity, the welded bar exhibited at the 
Paris Exhibition may be cited. It was | inch in diameter, and 
consisted of nine different metals, viz., copper, brass, iron, German 
silver, brass, tin, zinc, tin and lead. 

The power and time required to effect a weld varies largely, 
of course, with the size j-nd nature of the metal. Thus, to weH 
a bar of iron ^ inch in diameter, horse -power is required for 
10 seconds, while to weld a 1 J inch bar 18 horse-power is wanted 
for 90 seconds. In th(^ first case, sufficient energy to lift nearly 
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16 tons one foot is converted into heat at the weld, and in the 
second case sufficient to lift one ton nearly 400 feet. Yet so rapid 
is the process and so local is the heat that an inch or so on either 
side of the weld the metal is comparatively cool. Electric 
welding has already co^e into general use in the United States, 
where it is employed for manifold purposes ; and its capabilities 
are so great that it is difficult to foresee to what novel purposes, 
it may not soon be applied. 
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THB BBDD-HANOBR’S HANDBOOK. 

THE “TELEGRAPH CONVENTION” CODE 

’ (COPYKIOHT.) ' 

Compiled by a Staff of the most experienced Telegraphists in the World. The most perfect 
Code in existence, and approved by the leading Cable and Telegraph Companies. 




Prices per pair : — 




gngilRh Code, containing 36,900 words 

£6 

6 

0 

Latin , 


20,710 „ 

4 

4 

0 

€torman , 

)» 

14,366 „ 

3 

3 

0 

Ihitcli , 

c 

)} 

11,244 „ 

10,720 „ 

2 

2 

0 

Spanish „ 

1 ) 

!!! !!! 3 

3 

0 

French „ 

J) 

10,658 „ 

2 

2 

0 

Italian „ 

>5 

9,815 „ 

2 

2 

0 

Fottngnese „ 


^,461 „ 

!!! 1 

11 

6 


* FOURTH FJDITIOY. 4^0 large qnarto pasea, boand In rioth, gtlt, Ys* Od. net) 

^p«Mt free, B». 

GUIDE TO THE CORRECTION OF ERRORS 

I 

JN 

CODS (and other) TRIaRGRRMS. 

^ The previous Editions of this Work have proved so useful to the Telegraphing Public, that 
several ofthe leading Telegraph Companies have decided to issue an Enlarged Volume, with the 
words which many years’ experience have shown to be liable to errors in transmission. 

, ^ fiy a reference to its pages a large percentile of Telegraphic Errors may be explained without 

the e!gMnse and delay of REPETITION, and the Telegraphing community can now to a larf|(e 
'.extent oe guided in the formation of New Codes, or in enmioating words in their existing Codes 
wh^i have too great a resemblance to other words having a very different meaning. 

This Edition contains abont 70,000 EXAip^Ll^. fleeted from the 
liANOvaaBs, of which nearly 4,000 are proved Telegraphic tpENTiCALS, and the remainiler differ 
ouly^very slightly in Signal, Sound, or Wriciog. Tboiilands of these are the outcome ol Uctual 
experience. 


' 1, Z, and 3 ,' 8 Atlsbcrry Cdurt, FWet >fe.C. 
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ELECTRICITY AND MAGNETISM 

(ELEMENTARY AND ADVANCED). 

MODERN VIEWS OF EUECTRICITY. Bv Oliver J. Lodge, F.RA, Professor of 

PhyffkMtnUotvenity College, Liverpool Illustrated. Crown 8vo, 6s. 6d. 

ELEMENTARY LESSONS IN ELECTRICITY AND MAGNETISM. By Sil- 

▼aniu E TbompMn,.jPrbicipftl and Professor of Phpics in the Technical Ooll^, ilniilmry. Witjr fflns- 
tratfichii. New Mition, revised. Eighth Edition, f cap. 8vo, 48. 6d. 

PRACTICAL ELECTRICITY. For First Year Students of Electrical Engineering. 

By W. E. Ayrton, S.11.B., Professor of Electrical Engineering in the City and Guilds of London Central 
Institution. Fourth Edition. Illustrated throughout, 7 b. 6d. 

A POCKET-BOOK OF ELECTRICAL RULES AND TABLES, FOR THE 

USE OF ELECTRICIANS AND ENGINEERS. By John Munro, C.E., and Andrew Jamieson, C.B. 
F.R.S.B. Pocket size, leather. Sixth Edition, revised and enlarged, with nomerons diagrams, 8s. 6d. 

A HANDBOOK OF ELECTRICAL TESTING. By H. R. Kempe, MJ,E.E., 

Aesoa Mem. Inst. C.E. Fourth Edition. Crown 8vo, cloth, 16s. 

ELECTRICITY IN THEORY AND PRACTICE; or, THE ELEMENTS OP 

ELECTRICAL ENGINEERING. By Lieut. Bradley A. FUke, U.S.N. Plates. Royal 8vo, cloth, lOs. 6d. 

A PHYSICAL TREATISE ON JELECTRTCITY AND MAGNETISM. By E. 

H. Gordon. New Edition, 2 vols., cloth, 72 pf^-plates and many diagrams, £2. 28. 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By Henry M. Hoad, 

PhuD., F.R.S , F.C.S. New Edition, carefully revised. With an Introduction and Additional Chapters by 
W. II. Preece, M.I.C.E. With 470 yiustrattons, crown 8vo, cloth, 12s. 6d. 

ELECTRICITY: THE SCIENCE OF THE 19th CENTURY. By E. M. 

OalUard. Illustrated. Crown 8vo, 78. 6(1. 

ELECTRICITY IN THE SERVICE OF MAN. A Popular and Practical Treatise 

on the Applications of Electricity in Modem Life. Translated and Edited, with Copious Additions, from 
the German of Dr. Altred Ritter von Urbanitzky. By R. Wormell, D.Sc., M.A. With an Introdnction 
by Prof. John Perry, F S S Medium 8to , with nearly 850 illustrations, price Os. 

THE ARITHMETIC OF ELECTRICAL MEASUREMENTS. By W. B. P. 

Hobbs, Head Master of the Torpedo School, H.M.S. Vernon. Price Is. • 

ELECTROSTATICS, Vol I., and ELECTRODYNAMICS, Vol. II.. of th'eMaflie- 

matioal Theory of Electricity and Magnetism. By H. W. Watson, D.Sc., F.R.B., and S. H. Burhnry, M.A. 
8vo, cloth, lOs. 6d. each. 

A COURSE OF LECTURES ON ELECTRICITY, DELIVERED BEFORE THE 

SOCIETY OF ARTS. By George Foibee, M.A , F.R.S. (L. & B.) With 17 Ulmtratloni, orown 8v6, 5i. 

ELECTRICITY IN MODERN LIFE. By G. W. de’ Tunzelmann. With 88 iUui- 

tratious, cloth, Ss. 6d. 

EI^TRICITY IN DAILY LIFE. 136 illnstrations. 9s. 

DECORATIVE ELECTRICITY. By Mrs. J. E. H. Gordon. 12s. 

QUESTIONS ON MAGNETISM AND ELECTRICITY set at the Intermediate 

Science and Preliminary Scientific Press Examination of the University of London tram i860 to 1864. By 
F. W. Levaiider. 2nd edition. 3s. 6d. SOLUTIONS to the above 28. 0d. 

DOMESTIC ELECTRICITY FOR AMATEURS. Traoslated from the French df 

E. Hospitaller, editor of “ L’Electriolen,” with additions. By C. J. Wharton, Assoc. Soc. TeLSnghiemv. 
Numerous illustrations, demy 8vo, cloth, 6s. ^ 

EXERCISES IN ELECTRICAL AND MAGNETIC MEASUREMENT, WITH 

AKSWEBS. By K. E. t>Kg, M.A.e liAo, Ss. 6d. 

STATIC ELECTRIC INDUCTION : FOUR LECTURES AT THE ROYAL 

, DfBTrrtJnON, 187S. By J. E. H. OoAen. With dligniihe, ISmo, limp, Ss. 8d. 

ELECTRICITY AND MAGNETISM. By Fleeming Jenkin, F.RS.S. (L. & E.) 

With an Appendix on the Telephone and the Miortmhone, and 177 woodcuts. Fcap. 8vo, 8s. Sd.^ j 
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A TOEATISE ON ELECTRICITY AtD MAGNETISM* By J. Ckrk Mat- 

well, HJi., Second Edition. 2 voU., demy Bvo, doth, £1. lit. 6d. 

AN, TELEMENyAlRY TEEATISE ON ELECTRICIXy. By J. Clerk M.rwdi; 

M.A., t. R.a. laited by WliUani Barnett, 1I.A. bamy Svo, 6lo«k 7|. 6d. 

ALITERNATING COEBENTS OF ELECTBICITY. By T. H. Blakesley. 

Second Editirii. 48. 6d. 

ELECTRICAL INFLUENCE MACHINES : THEIR HISTORICAL DEVELOP- 

, , MENT AND MODERN FORMS, WITH INSTRUuIIONS FOR MAKING THEM. By John Gw, B.Sc. 
89 illostraHont. 4i. 6d. 

EneCTEOSTATICS AND MAGNETISM, REPRINTS OF PAPERS ON. By 

5 Sir William Thornton, D.C.h., I^IlD , F.R.S., F.R.S.F., Fellow of 8L Peter’s College, Cambridge, Professor 
of Natural Philosophy in the Dniversily of Glasgow. Second Edition. Medlnm 8?o, IBs. 

HANDBOOK OF ELECTRICITY. MAGNETISM. AND ACOUSTICS. By 

Dr. Lardner. Ninth Thonsand. Edited by George Oarey Foster, B.A., F.O»S. With 400 illi;|s|;ratioDs, 
small 8to, cloth, 6s. 

ELECTRICAL MEASUREMENT AND THE GALVANOMETER, ITS CON- 

STRCCTION AND USES. By T. D. Lockwood. Crown Svo, cloth, 6a. 

LESSONS IN ELECTRICITY AT THE ROYAL INSTITUTION, 1875-76. 

By John Tyndall, F.R.S. With 68 woodcuts, crown Svo, 28. ed. 

TATE’S ELECTRICITY. For Beginoers. 18mo, 9d. 

TATE’S MAGNETISM, VOLTAIC ELECTRICITY, AND ELECTEO-DYNA- 

MICS. For Banners. 16mo, Od. 

QUESTIONS AND EXAMPLES IN EXPERIMENTAL PHYSICS, SOUND, 

MSHT, ateAT, BtSCTRICITY, AND MAGNETISM. Bv loewv, P.K.A.S., <tc.. Senior Sohnce 
Master at the London International College, and Examiner in Experimental Phjrslcs to the College of 
Preceptors. Fcap. Svo, 28. 

SCHOOL ELECTRICITY. By J. E. H. Gordon.' Illustrated. Crown Svo, 5s. 

A BIBLIOGRAPHY OF ELECTRICITY AND MAGNETISM, I860 to 1883. 

With Special References to Electro-Technics. Compiled by 0. May ; with an Index by 0. Salle, Ph.,D. 
Post Svo, cloth, 6s. 

A CENTURY OF ELECTRICITY. By T. C. Mendenhall. Crown Svo, 4s. 6d. 
ELECTRICITY AND MAGNETISM. By Prof. Balfour Stewart, F.R.S.. and 

W. W. Haldane Gee, Demonstrator and Assistant Lecturer in Owens College, Manchester. Crown 8To, 
78. 6d. ; School Con^, 28. 6d. 

THEORY AND PRACTICE OF ABSOLUTE MEASUREMENTS IN ELEC- 

TBICITV AND MAGNETISM. By Andrew Orey. M.A„ F.E.S.E , Proleswr of Phyiics in tho Unlyerelty 
College of North Wales. In 2 vols., crown 8vo, Vol. I., 128. 6d. 

AN^ INTRODUCTION TO THE THEORY OF ELECTRICITY. Bv LimuBUs 

Camming, M.A., one of the Masters of Rugby School. With illustrations, crown Svo, Ss. 6d. 

MAGNETISM AND ELEdTEICITY, AN ELEMENTARY MANUAL ON. 

With numerous Hlustrations and Examination Questions. By Prof. Jamieson. Crown Svo, Is. 

KIRCHOFFB LAWS AND THklR APPLICATION. By E. C. Rimington. 

(ilotb, 2f.4W. ‘ 

NOTES ON CHEMISTRY AND PHYSICS.— EUECTRICITY. By Dr. Hodg- 

kinson. Cloth, 2 b. 

MAGNETISM AND ELECTRICITY. By A. W. Poyeer, M.A. Cloth, 2 b. 6d. 
ELECTRICITY IN OUR HOMES AND WORKSHOPS. By S. F. Walker. 

Cloth, Ei. 

A PRACTICAL TREATISE ON THE MEDICAL AND SURGICAL USES 

OF ELECTRICITY. By Drs. Beard and Rockwell. 200 illustrations Royal Svo. 28s. 

PRAenCAL APPLICATION OF ELECTRICITY IN MEDICINE A|ID 

- SUmERY. By Drs. I^iebig ao(l Roh^. Royal Svo, 400 pages, profusely illustratefi, Ss. 6d. 

ELECTRICITY IN THE DISEASES OF WOMEN. By G. Betton Massey, M.D. 

Sepond Edition. 12mo, 6s. 6d. 

A TEp-BOOK OF ELECTRICITY IN MEblCJNE AEI? SURGERX. By 

George Tlvfan Poore, M.D. Crown Svo, Ss. 8d. ' ' ' 
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A MANUAL OF ElEOTEO-THEEAPBUTIOS. By W. Erb, M.P., trantlfteA 

by A. de WatteviUe, M.p„ Dewy 8 vq, 181. 

ELEOTEICITY AND ITS .MANNER OF WORKING IN THE TEEATMWr 

OF DISEASE. A ThesU for the M.D. Cantab Degree, 188A By william E. Steavengon^ M.D., |tR.C.P.. 
Casualty Physician and Electrician to St. Bartholomew’s Hospital. To which is [^pptodaa an XtumMWaP 
Med4««l p^sertation on Electricity for the M.D., £d4i. Degree, written inl^tin by If^ob^t St^fiTMsonr 
id. D., in 1778, with alYanslation by the Bevi F. B. SteavOnson, M.A, fiyo, 4«. 6d. ' ' i 

ANIMAL ELECTRICITY. By Du Bois Reymond, Member of th6 Academlee of 

Sciences of Berlin and Vienna Edited by H. Bence Joces, M.D. With 60 engravings, fcap, 8vo, fik 

LECTURES ON THE CLINICAL USES OF ELECTRICITY, DELIVERED* 

AT UNIVEESITV COLLEGE HOSPITAL. By J. Bussell Reynolds, M.D., F.E.S., Physician to Uaiyeraity 
College Hospital. Second Edition. Post 8vo, 8s 6d. 

A PRACTICAL DESCRIPTION OF EVERY FORM OF MEDICO-ELECTRIC 

APPARATUS IX MODERN USE, WITH PLAIN DIRECTIONS FOE MOUNTING, CHAEGING, .AND* 
WOEKIN§. By T. P. Salt. Second Edition. With 88 engravlngH, 8vo, 2s. 6d. ' 

ELECTRICAL ANb ANATOMICAL DEMONSTRATIONS. A Handbook for 

Trained Nurses and Masseuses. By Herbert Tibbits, M.D., F.R.C.P.E. With 44 engravings, crownBw, 6s. 

THE A B C OF ELECTRICITY. By W. A. Meadowcroft. Illuatiated. Clot^, 28. 
PRACTICAL ELECTRICAL MEASUREMENT. By James Swinbunw- 

Cloth, 4s. 6d. 

ELECTRICITY. By Dr. Ferguson. New edition, revised and extended i by 

Jamts Blyth. M.A., Professor of Mathematics and Natural Philosophy In Anderson’s College, Glasgow. 
4U8 pages, with numerous illustratious. Cloth, 3s. 6d. 

MAGNETISM AND ELECTRICITY, ARITHMETIC OF. By Robert Gunn. 

Cloth, 28. • , 

MAGNETISM AND ELECTRICITY. For the use of students in schools and 

science classes. By H. C. Tam. F S Sc.' With numerous diagrams. Cloth, 2s. 

MAGNETISM AND ELECTJIICITY. By John Cook, M.A., Principal of 

Doveton College, Madras. Is. ^ 

MAGNETISM AND ELECTRICITY. By J. Angell. 85th thousand. la.6d. 
ELECTRICAL INFLUENCE MACHINES. By J. Gray. 48. 6d. 
MAGNETISM AND ELECTRICITY. By W. Jerome and Cbarlee A. White. 
MAGNETISM AND ELECTRICITY. By J. Spencer. Cloth, 2s. 

ELEMENTS OF STATIC ELECTRICITY. By P. Atkinson, Ph.D. It. 6d. 

A TREATISE ON MAGNETISM. By Sir G. B. Airy, K.C!.B. 9s. 6d. . 

ABSOLUTE MEASUREMENTS IN ELECTRICITY AND MAGNETISM. 

B} Andrew Gray, M.A. Second edition, revised and greatly enlarged. 68. 6d, 

MAGNETISM AND ELECTRICITY. By Edwaid Aveling, D.Sc. iWitt 

numerous woodcuts. 68. 

ELECTRICAL NOTES AND DEFINITIONS, for the u»e of Engii>«ftting 

Students and Practical Men. By W. Perreu Maycock. Second Edition. 4s. 6d. 

POTENTIAL : Its Application to tbe E^plansjtion of Electrical Phenomena 

larly Treated. By Dr. Tumliiz. Translated by D. Robertson, M.A. 3 b. 6d. 

G^SGHICHTE DER ELEKTRICITAT. By Dr, Edvr. Hoppe. Large 8r9,i 642; 

pages, fully Illustrated. 166. 

DER ELEKTROMAGNETISMUS. By Dr. Julius Dob. With 120 ergravings. 

Large 8vo, 10s 

TRAITS PRATIQUE D’ELECTEICITE INDUSTEIEL. By E. CadJatZ-andf 

L. Dubost. Third Edition. With 284 engravings, 8vo, 128. 

TRAITi EL^MENTAIRE D’ELECTRICITE. By J. Joubert. WIty‘‘321 

UlustrgtioDS 6s. ^ 

SUE LA PROPAGATION DU C0URANT ELECTRIQUE. By A. BandBejp#; la. 
TRAITE D’ELECTEICITE ET de MAGNETISMS. By A. Vasohy. ' Iwo- 

voI«, £111. * niv 

IpLECTEIGITE INDUSTEIELUL By D. Mopnior. With 338 illustratiolia, 16a 
LEQONS SUE L’ELECTEICITE. ByEricGeriW. 2 vola, fully illustrate’ T6a 
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ELECTKIC uitHTING AND TRANSMISSION OF POWER, 

PRINCIPLES OF DYNAMO-ELECTRIC MACHINES. Bjr Carl Hering. 

Pnwtlcftl DirecMona lor BMlgniog And Constraddog Dynamos. With an Appendfac coAtshii^aeVenl 
, Aiiiclea on AUlod Subjects, and a Table of Equivalents of Units of Measurement Cloth, ^ pages, 
69iUUstra1lous, lOs. 6d. 

THE ELECTRIC MOTOR AND ITS APPLICATIONS. ByT. C. Martin and 

J. Wetder. Ifew and greatly enlarged edition. This work is the first American book on Electric* 
Motors, and the only book in any language deali^ exclusively and fully with the a^edem Btoctrio* 
Motor In all its various practical appucations. The book is a handsome quarto, and contains about 
300 pages and 275 lUnstratfons. 12s. M., post free ISs. 6d. 

DYNAMO-ELECTRIC MACHINERY: A TEXTBOOK FOR StiJDENTS 

OF ELECTRO-TECHNOLOGY By Sllvanns P. Thompson, B.A., D.Sc., M.8.T.B. Th^d Edition, revised 
and enlarged, 8vo, cloth, lOs. * ' 

ELECTRIC LIGHTING FROM CENTRAL STATIONS. By Geo. Forbes, M.A., 

F.R.8, (L. and R), Ac., Ac, 8vo, sewed, Is. 

RULES AND REGULATIONS RECOMMENDED FOR THE PREVENTION 

OP MRE RISKS jFROM ELECTRIC LIGHTING, Issued by the Society of Telegraph-Engineers. 8vo, 
sewed, 5d. 

the PHCENIX FIRE OFFICE RULES FOR ELECTRIC LIGHT INSTAL- 

WTIOSS ASD BUECTRICAL POWER INaTALlAIIO.SS. By MoBgrave Heaphy, C.E. Eighteenth 
Euition, 8vo, sewed, fid. 

CENTRAL STATION ELECTRIC LIGHTING.* With illustrations. An enlarge- 
ment of the Paper awarded the Telford Premium by the Institution of Civil Engineers. By Killlngworth 
Hedges. M. Inst U.E. Crown 8vo, cloth, Ss. 6<l. 

PRECAUTIONS TO BE ADOPTED OX INTRODUCING THE ELECTRIC 

LIGHT, with Notes on the Prevention of Fire Risks. By Eillingworth Hedges. Cloth, Ss. fid. 

THE DISTRIBUTION OF ELECTRICITY. By Prof. George Forbes, M.A., 

F.R.S. E. Is. 

SECONDARY BATTERIES AND THE ELECTRICAL STORAGE OF ENERGY. 

By Dr. Oliver Lodge. Is. 

ELEMENTARY PRINCIPLES OF ELECTRIC LIGHTING. By Alan A. Camp- 

ben Bwinton. Enlarged and revised. Crown 8vo, cloth, Is. fid. 

THE STORAGE OF ELECTRICAL ENERGY, ANU RESEaRXiHES IN THE 

EFFECTS CREATED BY tTERENTS COMBINING QDANIITY WITH HIGH TENSION. By G. 
Plants. Translated from the French by Paul Bedford Elwell. With 89 illustrations, 8vo, cloth, 12s. 

MUNICIPAL LIGHTING. A comprehensive Treatise upon the Public Lighting 

of the World. By Fred. H. Whipple. With illustrations. Second Annual Number. 48. fid. 

EVOLUTION OF THE ELtCTRIC INCANDESCENT LAMP. By Franklin 

Leonard Pope. Cloth, 48. 

PBilbTiCAL DIRECTIONS FOR* WINDING MAGNETS FOR DYNAMOS. 

By Carl Hering. Crown 8vo, cloth, 63 pages, illush'ated, Ss. fid. 

MAGNETO-ELECTRIC AND DYNAMO-ELECTRIC MACHINES: THEIR 

CONSTRUCTION AND PRACTICAL APPLICATION TO ELECTRIC LIGHTING AND THE TRANS- 
! MI8'‘ION op POWER. By Dr. H, SchelJen. Translated from the Third German Edition by Nathaniel 
8. Keith and Percy Neyman, Ph,D, With 353 illustrations, cloth, 21b. 

HOW TO MAKE A DYNAMO. By Alfred Crofts. Illustrated. Crown 8 vo, 28. fid. 
THE' DYNAMO: HOW MADE AND HOW USED. By S. R. Bottone. With 

39 illustrations. Sixth Edition. 2s. fid, 

VJOLTAIC ACCUMULATOR. An Flemeyitary Treatise. By 6mile Reynier, 

tr^slated by J. A. Berly, Assoc Inst. E.E. With fi2 illustrations, cloth, 8vo, 9s. 

tiAW RELATING TO ELECTRIC LIGHTING. By G. S. Bower and W. Wfebb. 

Entirely re- a rlttcn. 8vo, 12s. fid. 

PRACTICAL TREATISE ON ELECTRIC LIGHTING. By J. E. H. Gordon. 

Illustrated. 8vo, ISs. 
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AEC AND GLOW LAMPS ; A PEACTICAL HANDBOOK ON ELECTRIC 

KIOHTINO. With ?< lUiutratioiu. Orom Sw, ft. 

TBE Galvanometer and its uses, a Manual for Electricnari tad 

Students, By C. H. Hasklos. Second edition. Iliostrated. 18mo., 78. 6d. ^ 

electric light arithmetic. By E. E. Day. 3s. 

ECONOMIC VALUE OF ELECTRIC LIGHT AND POWER. By A..B. Foote. 

8VO, 48. 

ELECTRIC LIGHT FOR THE MILLION. By A. F. Guy. 6d. 

ELECTRICAL ENGINEERING: SystematicaUy-Arranged Questions on Tele- 

graphy, Telephony, Electric Lighting, and Transmission of Power. By Prof. Jamieson. 9d. Interleaved 
with tquared paper for nhacacteristic curves, Is. 8d. 

THE DISTRIBUTION OF ELECTRICAL ENERGY BY MEANS OP CON- 

StANT tURREJ^. By Alexander Bei nstein. ed 

SCIENTIFIC PRINCIPLES INVOLVED IN ELECTRIC LIGHTING i By 

Prof. W. Grylls Adams, la 

ELECTRIC LKtHTING. By Count du Moncel. Translated by Robert Routiedge 

B,8o.,FC.S. 28. 

PRACTICAL ELECTRIC LIGHTING. By A. Bromley Holmes. Third Edition, 

cloth, Ss. 6d. 

NOTES ON ELECTRIC LIGHTING. By Rev. Gerald Molloy, D.D.. D.Sc. 6d. 
WRINKLES IN ELECTRIC UGH TING. By Vincent Stephen. Cloth, 2». dd. 
Electro motors. The Means and Apparatus employed in the Transmission 

of Electrical Energy and its Conversion into Motive-Power. By J. W. Urquhart. With illustrations, 
cTrown 8vo, cloth, 78. 6d. 

ELECTROMOTORS : How Made and How Used. By S. R. Bnttone. Ss. 

THE ELECTRIC RAILWAY. By Fred. H. Whipple. With illustrations, 48. 6d. 
TELPHERAGE. A Lectme delivered hy Professor John Periy, M.E., F.E.S., at 

the London Institution, Januaiy 24th, 188d. With wood eigravings, 8vo, sewed, 6d. 

LEf^ONS SUR L’ELECTEHCITE. By Eric Geraid. 2 voh, fully illustrated, 16s. 
LES ACCUMULATEURS ELECTRIQUES. By A. Bandsept. 103 pages. 2a 
INDUCTEURS DYNAMO-ELECTRIQUES ET PYRO-ELECTRIQUES. By 

A. Bandsept. 6d. 

TRAITE ElEMENTAIRE DE la PILE ElECTRIQUE. By Alfred Niaudet. 

Third Edition. Bevised by Hlppolyte Fontaine, and followed by a Notice on Accumulators $. Hos- 
pitaller. Illustrated, 8vo, 6d. 

traitE pratique D’ELECTRICITE appliquEe a L’EXPLOITATION 

DES CHBMINS DE FEE. By G. Dumont. With 260 illustrations, Os. 6d. 

ECLAIRAGE a L’ELECTRICITE. Hlppolyte Fontaine. Third Edition, 

entirely re-written, with 826 illustrations, 8v% ISs. 

TRANSMISSIONS ELECTRIQUES. By Hlppolyte Fontaine. Illustrated, 

8vo, 2s. 8d 

LE TIRAGE DES MINES PAR L’ELECTRICITE. By Paul F. Chalon. 

Illustrated, 6 b. , 
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DIE DYNAMOELEKTRISCHE MASCHINE: eine physimwsche 

BESCHEEIBtJNG FUR DEN ’EECHJ^ISCflEN GEBRAUCfl. By Dr. 0. Frblich. With fllhstmtlon^ 
Large 8vo, Ss. 

DIE ELEKTEISCHE BELEUCgTUNG. By Prof. Dr. K Hagen. With’llhu- 

trations, large 8vo, 88.; cloth, Os. 

■ME ACOUM0LATOREN FUIf ELEKTRICITAT. By Edmund Htqppe,’ With 

illustrations. 68. > 
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HAITDBOOK OF PRACTICAL TELEGRAPHY. By R S. Culley, M.In8t,OR 

^ ^ 17 plates and 1S& woodcuts, 8vo, 16s. 

EIJBicTEICAL TABLES AND FORMULAE FOR THE USE OF TELE- 

ORAPH INSPECTORS AND OPERATORS. Complied by Latimer Clark and Robert Sabine. With wood- 
engravings, crown Svo, cloth, 12s. 0d. 

THg ELECTRIC TELEGRAPH: ITS HISTORY AND PROGpSS. WHh 
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